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ABSTRACT 
 
Native American reservations in the United States are often located on mineral-rich 
lands, making them a target for fossil fuel development in already socioeconomically 
disadvantaged areas. As environmentally damaging as they are, coal and oil industries can bring 
invaluable jobs and money to isolated reservations, causing tribes to rely on fossil fuels for mere 
economic survival. In these instances of corporations or the federal government exploiting 
Native American labor and land, tribes lose the most fundamental principle of tribal governance: 
tribal sovereignty. Replacing fossil fuels and securing energy independence with a stable, 
renewable energy source is key to reclaiming that tribal sovereignty. Biomass, a general term for 
any organic material used as a fuel source, is an often overlooked form of renewable energy to 
provide for an entire community’s needs. This paper focuses specifically on the 21 tribes in 
Arizona that can use elements of the local landscape, residues from economic activity like 
agriculture, or waste from urban areas to power a community-scale biomass plant. The feasibility 
study for a biomass plant on the Cocopah Reservation, a small and economically poor tribe in 
southwestern Arizona, determined that the tribe could supply all of its energy needs with a small, 
1 MW combustion stoker boiler fed with crop residues from nearby agricultural lands. The 
levelized cost of electricity for this biomass plant is about $0.2–$0.3/kWh, or one-sixth of 
electricity rate that the tribe pays from the local utility. The plant would create revenue over its 
30-year lifespan that could be fed back into other social service or economic revitalization 
projects for tribal members. The Cocopah would also benefit from joining with other small and 
politically isolated tribes to form an intertribal energy consortium that could share administrative 
and technical expertise in completing feasibility studies or applying for federal assistance.  
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CHAPTER ONE: PROBLEM ORIENTATION 
Ask a humble, 72-year-old Rosebud Sioux elder what he sees as the key to the future of 
his tribe, and his answer will certainly be unexpected: switchgrass. John Lytle, a Native 
American leader in South Dakota, believes that all tribes on the Northern Plains should be 
growing this hardy crop as much as their land will allow.1 Why? Not because it is edible, 
exportable, or particularly beautiful, but because switchgrass is a common energy crop, or a plant 
that is grown for the express purpose of becoming feedstock for biomass energy generation. 
Lytle recognizes that Plains Indians control large tracts of unused land. Indian farmers can grow 
and sell the energy crop, while tribal governments can fund and operate generating stations to 
provide energy to these remote, rural communities. Biomass—a general term for any organic 
matter used as a fuel source—is an often overlooked source of stable renewable energy that 
allows tribes to leverage their local resources to create jobs, increase energy security, and 
decrease reliance on utilities.    
In the United States, tribal lands comprise only two percent of the total United States 
landmass, yet hold about 35 percent of the country’s fossil fuel resources and tremendous 
renewable energy potential (Greenhowe 2013). The largest oil field in Arizona is Dineh-bi-
Keyah, or The People's Field, on the Navajo reservation, which has produced about 19 million 
barrels of oil since the 1960s (EIA 2016). Arizona’s only coal mine, Kayenta, is located on 
Navajo and Hopi territories, with the related coal-fired generating station also on Navajo land.  
Utility-scale energy development on Indian reservations offers a chance at tribal 
revitalization and increased employment for tribal members. Earlier in US history, federal 
officials strategically placed reservations far from metropolitan centers in remote and rural areas 
                                                
1 See Armitage 2015. 
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of expansive states. Now, reservations are often isolated from educational and employment 
opportunities, so residents of the reservations have to rely on federal support and subsistence 
income. As a result, Native Americans who live on reservations are one of the most 
economically disadvantaged groups in the nation. In 2000, Indians on reservations had an 
average income of $7,942 compared to $21,587 for the overall per capita income; 39 percent of 
Indians on reservations are below the federal poverty line compared to nine percent of white 
Americans (Grogan 2011). In 2009, the unemployment rate for the state of Arizona was 8.5 
percent, but the unemployment rate on the Hopi Nation within the state of Arizona was 50 
percent (Grogan 2011). For many Native American nations, casinos do not provide adequate 
income for the tribe, and the reservations are purposefully secluded and far from employment 
opportunities in metropolitan centers. Often, mineral extraction is the only thread to economic 
prosperity—coal revenues make up 88 percent of the Hopi Nation’s tribal budget (Grogan 2011). 
Although fossil fuel development provides relatively high-paying jobs and a valuable, steady 
income for the tribe, tribal leaders are beginning to realize the environmental justice concerns 
with siting fossil fuel operations adjacent to already vulnerable populations.  
Native American communities make up more than one-fourth of Arizona’s land, but are 
located in remote, rural parts of the state. Arizona is home to 19 tribes on 21 reservations spread 
around the state, with some tribal lands extending into adjacent states. A map of Arizona’s tribal 
lands is shown below in Figure 1. The two major cities in Arizona, Phoenix and Tucson, are 
located in the south-central counties of Maricopa and Pima; however, as the map shows, the bulk 
of native lands are in the sparsely populated perimeters of the state, whose landscapes are mostly 
low-lying desert or plateaued forest.  
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Figure 1.1. Arizona’s tribal lands. 
 
Source: US Environmental Protection Agency, Region 9.  
Reservations are generally “energy insecure”—they are disconnected from the grid, 
receive intermittent power delivery, and/or suffer from unexpected blackouts. To help ameliorate 
this problem, Native American communities would benefit from installing biomass technologies 
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to meet their energy needs while utilizing feedstock inputs from the nearby surroundings. 
Biomass is a useful potential energy source to secure locally-managed energy sources and 
economic prosperity from reduced energy costs for Arizona’s geographically isolated tribal 
communities.  
Limitations of Arizona’s Energy Portfolio 
Despite being the state with the second highest solar potential in the U.S., Arizona lags 
far behind its neighbors and the United States as a whole on investment in renewable energy 
(NREL 2008). Table 1.1 shows the energy mix of three Southwestern states and the United 
States. 
Table 1.1. Arizona, California, New Mexico, and United States electrical power generation by 
energy source.  
 AZ CA NM US 
Petroleum-Fired 0.1% - 0.2% 4.0% 
Natural Gas-Fired 24.6% 48.8% 30.2% 4.3% 
Coal-Fired 29.2% 0.2% 46.0% 29.1% 
Nuclear 35.3% 10.7% - 33.7% 
Hydroelectric 5.8% 11.8% - 11.5% 
Biomass 0.2% 3.2% 0.1% 2.5% 
Geothermal - 6.2% - 0.6% 
Solar PV 4.3% 12.0% 3.0% 2.2% 
Wind 0.6% 7.2% 20.6% 12.1% 
 
Source: EIA 2018. 
The state of Arizona gets about seven to eight million tons of its coal supply from the only coal 
mine in Arizona—the Kayenta mine located on the Navajo and Hopi reservations east of the 
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Grand Canyon. The coal is transported by truck to the three 750 megawatt (MW) generators at 
the Navajo Generating Station in Page, owned  by Arizona’s major public utility, the Salt River 
Project (SRP) (EIA 2016).2 The second most prominent source of energy in Arizona comes from 
the Palo Verde Nuclear Generating Station, located 50 miles west of Phoenix. The generating 
station has a capacity of 32 terawatts (TW), and is the largest net generator of electricity in the 
nation (EIA 2016). Palo Verde also serves El Paso Electric Company, Southern California 
Edison, the Public Service Co. of New Mexico, the Southern California Public Power Authority, 
and the Los Angeles Dept. of Water & Power (SRP 2016). In addition, Arizona draws electricity 
from 12 dams built on the Colorado River that supply 6.8 TWh (terawatt-hours) of electricity to 
Arizonans, all owned and operated by SRP.  
When the public considers forms of alternative energy, usually solar and wind are the 
first to come to mind: they are the sexiest, most publicized, and theoretically cleanest forms of 
renewable energy currently available. However, the inherent intermittency of wind and solar 
mean that it is impractical and nearly impossible to have an energy economy that relies 
predominantly on these two renewables. Wind and solar mean that the technologies can only 
generate energy when the wind is blowing or when the sun in shining. Although technologies for 
storing the power generated from wind and solar during off hours have been steadily improving 
(Wharton Environment 2015), the current electrical grid needs a form of stable, baseload energy 
that can be generated at any time and pumped into the grid as demand necessitates. Biomass 
energy is one of the few renewable technologies that can act as a baseload energy source, similar 
                                                
2 The Salt River Project (SRP) is a utility cooperative whose territory covers most of Arizona and 
the Phoenix metropolitan area. It is an agency of the state that owns all dams and most 
generating stations around the state. SRP provides electricity and water to most Arizonans, along 
with the state’s other public utility, Arizona Public Service (APS), which owns the Palo Verde 
Nuclear Generating Station. (Salt River Project 2016).  
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to coal or natural gas, that does not rely on intermittent forces to determine how much energy is 
generated.  
Some wind farms are met with opposition from citizens who are not used to living near 
utility-scale energy plants, often termed the “Not In My Backyard” or “NIMBY” phenomenon—
residents usually raise concerns over the noise, aesthetics, cultural erosion, and/or disruption of 
sense of place that wind farms cause. Wind power is usually most effective when turbines are 
centralized in a group, making it less convenient than distributed solar power (Ball 2012). Wind 
turbines are massive structures that rise hundreds of feet above the ground; the most damning 
criticism against wind farms is that the number and size of turbines in a farm leads to habitat 
destruction and concerning levels of migratory bird kill (Ball 2012).  
Photovoltaic solar panels are produced using rare earth metals such as lanthanum, 
yttrium, and lutetium, elements that have unique properties and are used in the production of 
other technologies like disk drives, MRI machines, and cell phones (Service 2010). The mining 
of rare earth metals is can be ecologically destructive, and requires a large land area to extract a 
small amount of metal (Service 2010). Many of these rare earth elements are found almost 
exclusively in China, and given heightened demand for technology production, China’s mining 
reserves are shrinking. As a result, the country is holding tighter control over its supply and 
giving priority to domestic producers (Service 2010).  
Despite these small drawbacks, wind and solar are still valuable technologies that deserve 
investment. However, the most salient takeaway regarding a renewable portfolio is diversity. A 
healthy energy portfolio is a diverse one—one that harnesses energy from a variety of large- and 
small-scale renewable sources. Instead of relying on one “smoking gun”-type solution, decision-
makers need to consider and incentivize the development of multiple energy sources and forms. 
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The most sustainable energy future for a state with diverse energy needs like Arizona requires a 
correspondingly diverse energy portfolio—Arizona should mix solar with biomass, wind power, 
hydropower, and natural gas in order to transition away from coal and oil. In order to make 
Arizona’s energy sources more sustainable, the state should invest in technologies that minimize 
environmental, social, and economic impacts—current energy sources are not sufficient unless 
there is development and investment in biomass energy.  
Arizona is making strides to increase its reliance on renewables—Arizona’s Renewable 
Energy Standard (RES) requires that 15 percent of its energy production must come from 
renewable sources (including hydroelectric) by 2025 (American Council on Renewable Energy 
2014). In addition, the RES specifies that 30 percent of renewable production must come from 
residential or non-residential distributed generation sources (American Council on Renewable 
Energy 2014). Currently, Arizona is considering increasing its RES to 50 percent, with a 
potential ballot measure going before Arizona voters in the fall of 2018 (Shallenberger 2018). If 
voters approve this increase, tribes may be more motivated to produce energy from biomass and 
sell it back to state utilities to help meet the higher RES. However, Arizona killed its net 
metering policy for distributed residential solar in 2017, a change that, in conjunction with 
Arizona’s few state rebates for renewable energy, makes purchasing rooftop solar prohibitively 
expensive and will likely slow the rate of distributed solar adoption (Wichner 2016).3 In total, 
                                                
3 Net energy metering is a system in which consumers who have rooftop solar can sell excess 
energy generated from their panels back to the grid at the full retail price of electricity (Davies 
and Carley 2017). This policy, which is essentially a credit or subsidy for solar energy 
production, is an effective tool for promoting distributed solar installation for residential 
consumers; analysis of Nevada’s decision to significantly alter its net metering policy is 
discussed in Davies and Carley 2017.  
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Arizona’s dams and other renewables supplied about 6.9 percent of Arizona’s overall energy 
production in 2016, about eight percent short of its RES goal (EIA 2016).4  
Arizona gets about 27 percent of its energy from natural gas, most of which is obtained 
through large volume hydraulic fracturing (“fracking”) (EIA 2016). Although natural gas burns 
more cleanly than coal or oil, the environmental impacts of extracting natural gas through 
fracking may offset any avoided air pollutants in the use phase (Mohsenin 2017). Fracking 
requires sizable amounts of water to penetrate and fracture shale formations. Between 2005 and 
2014, 250 billion gallons of water were used in the United States for fracking alone, generating 
210 billion gallons of “slickwater,” or a mixture of water and chemicals that increase viscosity 
(Mohsenin 2017). Improper survey and construction of wells for fracking can lead to slickwater 
contaminating groundwater or aquifers, accidental oil spills, and gas releases or well blowouts 
from wells built near prestressed faults (Mohsenin 2017). A 2014 report from the Natural 
Resources Defense Council found five major health impacts linked to air pollution from 
fracking: respiratory issues (asthma, shortness of breath, lung disease), nervous system issues 
(dizziness, headaches, seizures), birth defects, blood disorders, and an increased risk of cancer 
(NRDC 2014).  
Benefits of Biomass Energy 
Biomass is a general term for any organic matter used as fuel sources, including dry 
combustible materials such as wood or plants, cow and other mammal dung, gaseous byproducts 
from biological decomposition of organic matter like sewage, or the natural fermentation of 
organic waste in landfills. Natural decay of organic material releases methane, an extremely 
                                                
4 The majority of renewable energy production currently comes from the Glen Canyon and 
Hoover Dams (EIA 2016).  
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powerful greenhouse gas (GHG) that traps nearly 23 times as much heat as carbon dioxide 
(Jones and Mayfield 2016). The most recent assessment from the Intergovernmental Panel on 
Climate Change states that methane has a global warming potential (GWP) of 34 over 100 years 
and 85 over 200 years (IPCC 2014).5 Agriculture, decomposition of waste, and enteric 
fermentation from dairies account for about 51.2 percent of global methane emissions (Jones and 
Mayfield 2016). Biomass energy conversion attempts to capture the methane naturally created 
during the anaerobic digestion process and burn it as recycled natural gas, effectively preventing 
the methane molecules from entering the atmosphere and reducing demand for fossil natural gas 
harvested through fracking.6 In fact, burning the methane created during decomposition is the 
more environmentally responsible course of action to reduce the emission of atmospheric 
methane. Burning methane and emitting carbon dioxide in its stead is of utmost importance in 
combating climate change—particularly given the current and growing rate of methane 
emissions from agriculture, dairies, and waste decomposition. 
Biomass energy is an important source of alternative energy to consider because of its 
flexible and reliable nature—biomass can be efficiently harnessed as utility-scale energy in 
cogeneration facilities, waste-to-energy plants, or industrial biodigesters, or as distributed energy 
on a small scale for individual farms or isolated communities to use. Unlike other renewable 
sources such as wind and solar, biomass provides a reliable baseline energy load for the grid 
because it does not depend on intermittent natural forces, i.e. wind and sunlight. 
                                                
5 GWP measures “ the radiative forcing following an emission of a unit mass of a given 
substance, accumulated over a chosen time horizon, relative to that of the reference substance, 
carbon dioxide (CO2)” (IPCC 2014).  
6 Combustion of methane combines CH4 molecules with O2 molecules, emitting CO2 into the 
atmosphere and H2O as a byproduct. Although this reaction still releases carbon dioxide, it emits 
less than the combustion of fossil fuels and prevents the powerful GHG of methane from 
entering the atmosphere. 
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The Problems of Biomass 
Although biomass is cleaner to burn than coal or oil, combustion of organic matter—
especially wood and wood scraps—produces air pollution in the form of carbon monoxide, 
carbon dioxide, nitrogen oxides, volatile organic compounds, and particulate matter (Zhang and 
Smith 2007). These pollutants are present in increased levels in developing countries that employ 
a substantial amount of small-scale biomass combustion—that is, households that use wood-
burning fires for heating and cooking—because these low efficiency incomplete combustion 
burners contain no emissions controls and often cause a dangerously high level of indoor air 
pollution (Zhang and Smith 2007). A 2009 study of the brown clouds of haze that periodically 
float over South Asia found that the air pollution was created primarily by biomass combustion 
and not by the combustion of fossil fuels (Gustafsson et al. 2009). However, high-temperature 
biomass incineration at an industrial scale with smokestack scrubbers can clean most of the 
combustion-related pollution and burn the feedstock more efficiently. Ensuring the safe and 
regulated burning of household biomass is of utmost importance to governments and public 
health, in addition to securing affordable pollution control and monitoring technologies for 
lower-income communities using small-scale biomass.  
The high cost of building large biomass plants may not be desirable, because biomass is 
not conducive to the typical economy-of-scale solution that maximizes single facility size and 
capacity. Whereas utility-scale combustion of a fuel like coal is efficient enough to justify the 
significant capital costs required for the construction of a large plant, a utility-scale biomass 
plant requires a much greater feedstock input. The efficiency of a large biomass combustion 
plant decreases with a greater variety of feedstock inputs, so unless the plant uses the same 
feedstock at all times (e.g. only wood wastes) in the quantities necessary to supply a consistent 
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fuel stream for a multi-MW plant, a large facility may not produce the expected rate of return 
from increasing one plant’s capacity (Jones and Mayfield 2016). However, given that this 
analysis seeks to apply biomass energy to tribal lands with relatively small populations, large 
biomass plants will likely not be necessary to meet tribal energy demands.  
Commercial size biomass facilities operate at a disadvantage, because all waste is not 
equal. Every different type of biofuel that enters the plant has a different energy content, water 
content, rate of decomposition, and temperature requirement for digestion (Jones and Mayfield 
2016). Direct combustion plants that burn fuels with vastly different energy contents will 
generate energy at a diminished efficiency and therefore need a much larger volume of biomass 
to meet heat and power demands. An anaerobic digestion plant that accepts all possible 
agricultural waste must look at the discrete environmental and chemical needs of corn fodder, 
plant scraps, and cow manure and attempt to maximize the natural gas return during the 
decomposition process without constructing separate digesters for each biofuel (Jones and 
Mayfield 2016). The complex nature of constituent biofuels makes it difficult to maximize the 
efficiency of a single, large-capacity plant—but allows for more efficient operation at a smaller, 
local scale. 
Biodigestion requires that large amounts of methane gas be trapped in a completely 
sealed space, which can be dangerous if the facility is improperly maintained and not monitored 
regularly for leaks (Shaw et al 1986). Methane gas explosions occur fairly frequently, especially 
in the anaerobic sludge digesters in wastewater treatment plants (WWTPs) (Erndwein 2009). The 
Delaware Valley Workers’ Compensation Trust commissioned a report outlining best 
engineering practices for early detection of methane gas leaks at municipally owned WWTPs in 
the state of Pennsylvania due to a large methane gas explosion at a high-volume WWTP in April 
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2009 (Erndwein 2009). The plant processes four million gallons of wastewater and sewage per 
day in two high-capacity anaerobic sludge digesters, and a simple leak in the gas conveyance 
piping caused an explosion that severely injured two experienced operators (Erndwein 2009). 
Thus, in order to avoid accidents like these, utility-scale digestion plants must be continually 
monitored and staffed to protect against leaks, a need that smaller, localized digesters may not 
have the manpower or capital to maintain. 
Environmental justice concerns related to siting are particularly relevant for a biomass or 
waste-to-energy facility, as is common with most utility-scale oil, gas, waste, or sewage plants. 
Biomass incineration releases a host of airborne pollutants, although less than oil and gas 
facilities; anaerobic digesters can also emit a nasty stench from the organic matter and municipal 
solid waste (MSW) that they process if the facility employs improper storage, feedstock 
preparation, and ventilation techniques. These plants are not likely to be sited somewhere with 
high property values and wealthy residents. Rather, they often are located in industrial areas and 
thereby affect low-income communities, which are often communities of color, whose interests 
are underrepresented in siting decisions (Wiltsee 2000). Isolated rural Native American 
communities are already home to a host of socioeconomic burdens, such as higher rates of 
obesity, diabetes, and heart disease, poor education, high levels of unemployment, and degraded 
infrastructure (Grogan 2011). Because the Kayenta coal mine and coal-fired Navajo Generating 
Station are already located on tribal territory, the environmental justice concerns of building a 
new biomass facility on or near a reservation are even more heightened.  
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Current Biomass Conversion Technologies 
As previously mentioned, there are many different technologies available to convert 
organic matter into useful energy. These technologies can be sorted into three categories: 
pretreatment processes, bio-gas capture, and combustion.  
Carbonization, torrefaction, and pyrolysis are pre-treatment processes that can be applied 
to biomass feedstocks in order to increase the efficiency of the fuel before combustion. 
Carbonization creates a simple carbonaceous substance (charcoal) through high temperature 
heating, while torrefaction creates bio-coal through low temperature partial decomposition. 
Pyrolysis heats and subsequently cools dry biomass to make either bio-oil or syngas, depending 
on the temperature at which the biomass is heated. The benefit of carbonization and torrefaction 
is that the processes make a product with a reduced moisture content and increased calorific 
value than the inputted fuels, thus helping extract more energy out of same amount of biomass 
(Chen 2016). Charcoal and bio-coal are products that can be exported and sold to benefit the 
local economy that houses the carbonization or torrefaction plant. Carbonization and torrefaction 
work best with large, centralized reactors that primarily accept woody biomass, which 
undermines the potential for small-scale distributed generation (Chen 2016). Similarly, pyrolysis 
produces syngas or bio-oil, both of which have a higher calorific value than the original inputs. 
Pyrolysis accepts a wider variety of biomass inputs than carbonization and torrefaction, as long 
as the inputs are sufficiently dried.  
Anaerobic digestion is series of biological processes in which microorganisms break 
down any biodegradable material to create natural gas. Similarly, landfill gas is the recovery of 
natural gas created during fermentation of MSW in a closed landfill. Anaerobic digestion is the 
only biomass conversion technology that can accept wet biomass to produce biogas, thus 
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allowing for a wider variety of wastes to be productively utilized (e.g. wastewater or wet animal 
manure). However, wet wastes are more difficult to transport, so the anaerobic digester needs to 
be located onsite or close to the areas of waste generation. The wet sludge created after most of 
the natural gas has escaped the biomass is rich in organic nutrients and can be used as fertilizer 
for agriculture. Landfill gas, on the other hand, produces a toxic liquid leachate, or water that 
collects contaminants from MSW as it travels along the bottom concrete layer of the landfill 
(Chen and Greene 2003). Great caution needs to be taken to ensure that the leachate does not 
enter the groundwater because it is nearly impossible to clean up once contamination has 
occurred (Chen and Greene 2003).  
The three combustion processes can all create energy directly by heating or burning the 
biomass to create steam that turns a turbine. Direct combustion is the process in which any dry 
biomass is burned with the oxygen from the air to release the stored chemical energy as heat in 
burners, boilers, internal combustion engines and turbines. Gasification is the conversion of 
biomass into gas by heating at extremely high temperatures without combustion and with a 
controlled amount of oxygen. Co-firing is the process of using biomass as 5–15% of the inputs to 
a coal-fired power plant. Table 1.2 defines the most common biomass conversion technologies, 
temperature requirements, oxygen levels, primary inputs, products, and byproducts. Although 
co-firing does not attempt to entirely replace the use of fossil fuels, it is an inexpensive method 
of displacing coal in a coal-fired power plant that requires no additional capital cost or 
technology. Co-firing has been shown to reduce CO2, SOX, and NOX emissions and can be easily 
blended at existing coal plants (Kurchania 2012). Direct combustion of woody biomass is the 
oldest and most small-scale-friendly form of energy conversion—in its simplest form, it requires 
no expensive technology, but it can be easily adapted to utility-scale combustion, similar to coal-
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fired power plants. Direct combustion of biomass has a much lower efficiency compared to 
burning charcoal, bio-coal, syngas, or bio-oil due to the lower calorific content of untreated 
biomass. Gasification accepts the same types of biomass feedstocks but produces energy at a 
higher efficiency due to the lack of combustion (Clarke and Preto 2011).  
 Table 1.2. Definitions and processes of the most common and most developed biomass conversion technologies.  
 Name Temp (ºC)  
Presence of 
O2 Inputs 
Process to prepare 
inputs Products Byproducts 
Pre- treatment 
processes 
Carbonization 300–620 Controlled 
Woody biomass or 
agricultural residues 
Drying with heat and 
densification Charcoal N/A 
Torrefaction 200–300 None 
Woody biomass or 
agricultural residues 
Drying with heat and 
densification Biocoal N/A 
Pyrolysis 200–500 None Dry biomass Drying with heat 
Liquid biofuel or 
syngas 
Unreacted carbon 




on inputs None 
Wastewater, animal 
manure, wet biomass None Natural biogas Wet biomass sludge 




controlled Biomass, MSW Drying with heat 
Direct steam and 
heat Biochar/ash 
Gasification 800–900 Controlled Biomass, MSW Drying with heat Syngas Ash 
Cofiring 540-600 Controlled Coal and dry biomass Drying with heat Steam and heat Ash 
Sources: Westenhaus 2008, Dobson 1993, Clarke and Preto 2015, Chen 2016. 
*Starred processes are pre-treatment conversion methods—the biomass is treated using that method to increase the calorific content of the fuel, but the fuel still 
needs to be combusted using another system
 Scope and Method of Analysis 
This analysis will exclude biodiesel and other biofuels, as biodiesel’s primary application 
is in the transportation sector, not in the utility energy or electricity sector. In addition, the 
feasibility of biomass feedstocks in surrounding areas will only include biomass potential from 
residues (agricultural residues, forest residues, primary and secondary mill residues, etc.)7 rather 
than dedicated energy crops. Including dedicated energy crops would significantly alter the 
microeconomic analysis of feedstock costs, as farmers would have to be sufficiently incentivized 
to convert their fields, which would alter the optimal price for biomass fuel.  
With the aforementioned benefits and drawbacks of biomass energy in mind, this analysis 
will provide technical information on biomass conversion technologies and policies that affect 
energy development on tribal lands. With this background in mind, a feasibility study will be 
performed for the Cocopah Indian Community in southern Arizona. The feasibility study will 
determine the optimal feedstock for a potential biomass plant given the industries prominent near 
the Cocopah reservation, as well as the necessary size of a plant to meet the energy demands of 
the tribe. The study will assess the appropriate technologies for this feedstock and the associated 
cost of equipment, operation, maintenance, and construction in order to determine the levelized 
cost of electricity for biomass on the reservation. The study will also identify potential sources of 
funding or loans that seek to assist tribes and recommend state policies to further incentivize 
renewable development on tribal lands. The case study will show but one example of how a tribe 
in Arizona can utilize local feedstocks to implement an economically favorable biomass energy 
project to meet the needs of its residents. In conclusion, the analysis will argue in favor of more 
                                                
7 See Chapter 2 for a more detailed analysis of feedstocks.  
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widespread adoption of biomass and recommend actions that tribes can take to assess their own 
energy needs and biomass availability.  
Chapter 2 of this analysis contains technical background on the process of biomass 
energy conversion, a more detailed assessment of different biomass feedstocks, and factors 
affecting efficiency of the technologies and feedstock. Chapter 3 describes the unique historical 
and policy factors associated with energy development on tribal lands, as well as other factors 
contributing to the success of a community-scale biomass project. Chapter 4 is a feasibility study 
done for the Cocopah tribe, a small and economically poor reservation near Yuma, Arizona. The 
Cocopah tribe has a medium level of agricultural residues that could be used for energy 
conversion. The feasibility study shows just one example of how other Native American tribes in 
Arizona can address financial and technical needs when developing biomass projects, including 
the levelized cost of electricity, debt servicing, potential grant and loan programs, and state 
policy recommendations.  
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CHAPTER TWO: BACKGROUND 
Some of the most attractive prospects of biomass energy are its low cost, low technology 
requirement, and continued prevalence in rural areas to satisfy needs for cooking and heating 
(Speight and Singh 2014). Although biomass, a general term for any organic matter used as a 
fuel source, is useful for distributed generation of energy, it can also provide utility-scale energy 
to be fed into the grid. Currently, biomass energy plants are considered a promising source of 
renewable baseload energy8 to transition away from fossil fuels. Currently, biomass makes up 
about 2.5 percent of all central station electricity generation in the United States (EIA 2018). 
There are 188 currently operating biomass plants in the U.S., with a combined capacity of 23,035 
MW (Biomass Magazine 2017, cf. Figure 2.1). Most of these biomass plants are concentrated in 
the Pacific Northwest and Northeast, locations that have either densely populated cities or a 
readily available supply of wood to use as fuel (Biomass Magazine 2017).  
 
  
                                                
8 The base load of a grid is defined as “the minimum amount of electric power delivered or 
required over a given period of time at a steady rate” (EIA 2017). Thus, a baseload form of 
energy is any that generates electricity at a constant rate and, when supplied with adequate fuel, 
can run continuously.  
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Figure 2.1. Operational utility-scale biomass plants in the U.S. by feedstock.  
 
Source: Biomass Magazine 2017. 
Figures 2.2 and 2.3 show the electrical power generation mix of Arizona and the United states as 
of 2017. Arizona still gets much of its electrical power from fossil fuels, with coal, natural gas, 
and nuclear dominant. Renewable energy, including hydroelectric power, only makes up about 
ten percent of Arizona’s energy mix.  
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Figure 2.2. Arizona electrical power generation by energy source.  
Source: EIA 2018. 
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The United States as a whole has a greater proportion of renewable energy in its energy mix, 
about 18 percent without hydroelectric and 30 percent with hydroelectric. However, coal and 
nuclear still make up large proportions of the national energy supply. 
Figure 2.3. United States electrical power generation by energy source.  
 
Source: EIA 2018. 
 
The Energy Information Administration predicts that both the supply and demand of biomass 
will increase greatly in the next 10-20 years, primarily in the area of liquid biofuels such as 
ethanol and biodiesel (Newell 2011, cf. Figure 2.4). In addition, EIA predicts that biomass, along 
with wind, will see dramatic increases in the power sector after 2020, although industrial CHP 
using biomass has been prevalent even before renewables like wind and solar grew post-
2005  (Newell 2011, cf. Figure 2.5).  
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Figure 2.4. Projected growth in biomass by feedstock after 2010.  
 
Source: Newell 2011. 
 
Figure 2.5. Historical and projected growth in biomass as a proportion of renewable generation.  
Source: Newell 2011. 
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Arizona’s Biomass Potential 
 Arizona only has one biomass plant, the Novo BioPower plant, built in 2008 in the city of 
Snowflake; the plant has a production capacity of 24 MW. The plant combusts wood and woody 
biomass, with 75 percent of the fuel coming from forest-thinning efforts in the national forest 
near Arizona’s White Mountains and the remaining 25 percent coming from unusable paper 
fibers supplied by the Catalyst Paper Corp, a nearby newspaper mill (Salt River Project 2010). 
The unusable paper fibers, also called black liquor, are the waste product created from digesting 
pulpwood into paper pulp; black liquor contains the lignin and hemicellulose that is removed 
from wood and contains more than half the energy content of the wood inputs (Rosser 2003).  
 In 2014, the National Renewable Energy Laboratory (NREL) released maps on biomass 
resource density across the country. The maps illustrate the level of potential biomass available 
by county and by feedstock and provide an indication of where certain types of biomass energy 
plants could be sited. Table 2.1 shows how NREL defines each different biomass feedstock; 
Figure 2.1 and Figure 2.2 aggregate the biomass resource potential and methane gas generation 
potential, respectively, for each of Arizona’s 15 counties. 
 Table 2.1. Definitions of biomass and organic waste feedstocks.  
Feedstock Definition 
Crop residues 
Crop residues from corn, wheat, soybeans, cotton, sorghum, barley, oats, rice, rye, canola, dry edible beans, peanuts, safflower, 
sunflower, sugarcane, and flaxseed. The crop residues are estimated using total crop production, crop to residue ratio, and moisture 
content. It assumes that only 35% of the total residue could be collected as biomass. The remaining portion is to be left on the field to 
maintain ecological and agricultural functions. 
Forest residues 
Forest residues include logging residues and other removable material left after carrying out silviculture operations and site 
conversions. Logging residue comprises unused portions of trees, cut or killed by logging and left in the woods. 
Primary mill residues 
Primary mill residues include wood materials (coarse and fine) and bark generated at manufacturing plants (primary wood-using 
mills) when round wood products are processed into primary wood products, such as slabs, edgings, trimmings, sawdust, veneer 
clippings and cores, and pulp screenings. 
Secondary mill residues 
Secondary mill residues include wood scraps and sawdust from woodworking shops — furniture factories, wood container and pallet 
mills, and wholesale lumberyards. 
Urban wood waste 
Urban wood waste includes wood material from MSW (wood chips and pallets), utility tree trimming and/or private tree companies, 
and construction and demolition sites. 
Methane emissions from 
landfills 
The methane emissions are estimated at each landfill considering total waste in place, status (open or closed), and waste acceptance 
rate. 
Methane generation 
potential from animal 
manure Dairy cows, hogs, and chickens (broilers). 
Methane generation 
potential from 
wastewater treatment Wastewater treatment plants. 
Methane generation 
potential from IIC* 
Food manufacturing and wholesalers (e.g. fruit and vegetable canneries, dairy creameries, meat packing and processors), as well as 
institutional facilities such as hospitals, nursing homes, educational, and correctional facilities. 
Source: National Renewable Energy Laboratory 2014. 
*IIC refers to waste from industrial, institutional, and commercial facilities.  
 Figure 2.6. Biomass resource potential by county in Arizona.  
 
Source: National Renewable Energy Laboratory 2014. 
 
 
 Figure 2.7. Methane gas generation by county in Arizona.  
 
Source: National Renewable Energy Laboratory 2014. 
 Figure 2.8: Arizona’s tribal lands, shown with county boundaries.  
 
Source: United States EPA, Region 9. 
 Figure 2.9. Solid and organic waste resource potential by tribe in Arizona. 
 
Data aggregated from NREL 2014.  
 The solid biomass resource availability shown in Figure 2.1 can be used to estimate the 
potential for installing any biomass conversion technology that uses a thermochemical reaction: 
direct combustion, carbonization, torrefaction, gasification, or pyrolysis (defined in Chapter 1 
and Table 1.1). Maricopa and Pima counties, which house the large metropolises of Phoenix and 
Tucson respectively, generate the largest amounts of urban wood waste at about 20 million tons 
per year in each county. Navajo County has a significant amount of primary mill residues at 75 
million tons annually, most of which likely originates from the Catalyst Paper Corp that supplies 
black liquor to the Novo BioPower plant. There are few secondary mill residues in the state, as 
much of Arizona’s enhanced woodworking products (e.g. furniture or pallets) originate from out 
of state.  Despite the fact that Arizona has six national forests (Kaibab, Coconino, Prescott, 
Tonto, Apache-Sitgreaves, and Coronado), forest residue potential is low. On the other hand, 
crop residue potential is high in Arizona counties where agricultural activity is concentrated. The 
state’s top agricultural exports are dairy products ($871M), cattle ($816M), head lettuce 
($387M), cotton ($362M), romaine lettuce ($326M), hay ($245M), grains ($130M), and leaf 
lettuce ($116M); Arizona’s entire agricultural industry totals $17.1 billion annually (Kerna and 
Frisvold 2014). The counties with the most significant crop residue potential are Cochise, 
Graham, La Paz, Maricopa, Pinal, and Yuma, all of which are in central or southern Arizona.  
The organic waste potential shown in Figure 2.2 can be used to estimate the potential for 
installing any biomass conversion technology that uses a biochemical reaction: anaerobic 
digestion or landfill gas (defined in Chapter 1 and Table 1.1). Residues from IIC wastes are 
present but not significant in Mohave, Coconino, Yavapai, Pinal, and Yuma counties, but are 
greater in Maricopa and Yuma counties, due to their larger metropolitan areas and more 
industrial, institutional, and commercial facilities that generate usable waste. Biogas recovery 
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from WWTPs by volume of waste processed is most promising in Maricopa and Pinal counties, 
but the WWTP would have to be installed with an on-site gas recovery system. Animal manure 
is most widely available in Maricopa and Pinal counties, where cattle, ranching, and dairy 
operations are most concentrated. Landfill waste is another potential source of biogas in 
Coconino, Navajo, Yavapai, and Maricopa counties, but retrofitting existing landfills to recover 
gas is challenging and carries a high associated cost. Biogas production through anaerobic 
digestion is frequently done on site (e.g., a large agricultural operation, a WWTP, or near sources 
of food waste such as food processing facilities or urban food scrap collection sites) to reduce 
transportation costs and its associated inefficiencies. Anaerobic digesters have relatively small 
scale effects—they do not operate more efficiently at a larger size—and are thus suitable for 
small- to medium-sized operations.  
Efficiency of Biomass 
The efficiency and output of each process depends on the internal energy content or 
calorific value of the biomass and the efficiency of currently available conversion technologies. 
A list of representative values for the energy density of various common fuel types is shown in 
Table 2.2; estimates for the efficiency of current conversion technologies are shown in Table 2.3.  
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Table 2.2. Energy content of selected fuels.  
Fuel Energy Content (MJ/kg) 
Fresh cut grass 4 
Municipal Solid Waste (MSW) 9 
Straw 15 
Animal manure 16 
Paper 17 
Torrefied Biomass/Bio-coal 18-20 
Pine wood forest residues 20 
Coal 25-30 
Yellow grease9 37 
Tallow 38-40 
Gasoline 44 
Natural Gas 55 
Uranium 580,000 
Source: Bureau of Indian Affairs 2008, Benalcazar et al. 2017.  
As seen in Table 2.2 above, biomass fuels have a relatively low energy content, especially 
compared to fossil fuels. However, because biomass is a renewable resource, larger quantities of 
biofuels can be grown, collected, and combusted at a lower environmental cost than the 
extraction of coal, oil, or natural gas. Furthermore, the higher the moisture content of each 
combustible fuel, the lower the fuel’s efficiency—so in order to maximize the energy obtained 
from the fuel, each feedstock needs to be dried as completely as possible.  
 In addition to moisture content and calorific value, the price of each feedstock is essential 
to determining whether or not it can be a viable fuel for any biomass conversion technology. The 
                                                
9 Yellow grease is used cooking oil, used vegetable oil, recycled vegetable oil, or waste 
vegetable oil that is recovered from businesses and industries that use the oil for cooking. 
D’Souza  40 
International Renewable Energy Agency analyzed US Department of Energy data to determine 
prices for various feedstocks and price rates for energy conversion (averaging the most utilized 
biomass conversion technologies for each fuel). The prices and two factors of biological 
efficiency are listed in Table 2.3 below.  











Price of energy 
conversion 
(USD/GJ) 
Components of cost 
analysis 




Wood wastesa 5-15% 20 10-50 0.50-2.51 Collection and transportation 
Agricultural 
residues 20-35% 11.5 20-50 1.73-4.33 
Collection, premium paid to 
farmers, transportation 
Dedicated 
energy cropsb 10-30% 14-18 39-60 4.51-6.94 Undisclosed 
Landfill gas N/A 19-30 0.017-0.051 0.94-2.84 Gas collection and flaring 
Source: IRENA 2012. Data compiled from national DOE averages.  
(a) Comparable to NREL’s “primary mill residues” category - see Table 2.1. 
(b) Poplar, willow, and switchgrass. 
 
 
 Landfill gas has a very low price on paper because there is no extra cost associated with 
recovering gas from existing landfills other than those that are already integrated into municipal 
waste collection budgets. This price stays fairly true if the landfill is outfitted with a gas capture 
and cleaning system at the initial construction of the landfill; if it is not, the cost of retrofitting a 
landfill with capture technology is often prohibitively expensive (IRENA 2012). Dedicated 
energy crops are typically more expensive than fossil fuels per ton because in order to 
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incentivize farmers to switch to sowing energy-dense plants and selling their crops for energy, 
prices must be as competitive as price for food commodities (Dobson 1993). In addition, energy 
crops have a larger land use requirement than residues from existing forests, agricultural areas, 
and industries that produce wood waste. Forest residues, wood wastes, and agricultural residues 
have the lowest fuel cost per ton, including the typical distance for transportation, but further 
research will need to examine specific locations of origin and energy plants to more accurately 
determine the transportation cost. 
Table 2.4 shows the efficiency of biomass conversion technologies, previously discussed 
in Chapter 1. Efficiency of a conversion technology attempts to measure what percentage of 
inputs (biomass feedstocks or organic waste) to the system are converted to useful energy 
outputs. Using biomass for combined heat and power—that is, capturing the waste heat created 
in the combustion process and utilizing it for either residential heating or heating needs 
elsewhere in the conversion process—increases the efficiency of the overall system by 
decreasing the amount of energy wasted as heat.  
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Table 2.4. Efficiency of energy conversion technologies using various fuels. 
Process Method 
Efficiency of current technology 
(percentage of energy obtained from 
inputs) 
Biogas creation 
Anaerobic digestion 10-15% 
Landfill gas <39% 
Biomass 
combustion 
Direct combustion via traditional furnaces 20-40% 
Direct combustion via industrial stoker-boilers 70-90% 




CHP (Combined Heat & Power)/Cogen 15-30% 
BIG/CC (Biomass Integrated Gasification 
Combined Cycle)2 40-50% 
Fossil fuel 
combustion 
Coal-fired power plant 39-45% 
Coal-fired IGCC (Integrated Gasification 
Combined Cycle)2 <43% 
Fuel-oil power plant 38-44% 
Natural gas 
Natural gas turbine <39% 
Natural gas CCGT (combined cycle gas turbine)10 <58% 
Natural gas furnaces 70-95% 
Nuclear Nuclear power plant 33-36% 
Renewables 
Wind turbine 35-50% 
Photovoltaic solar cells <25% 
Large hydropower plant <95% 
Sources: Faaij 2006, Batidzirai et al. 2013 and Honorio et al. 2003. 
*Pyrolysis, carbonization, and torrefaction are all methods to convert biomass into another fuel with a higher 
calorific content, but that fuel must still must be combusted later.  
 
                                                
10 Combined cycle technologies increase the efficiency of power plants because the hot exhaust 
gases produced during combustion create steam that generates further electricity rather than 
letting the gases escape (Honorio et al. 2003). However, despite the theoretical increase in 
efficiency, R&D done on BIGCC technologies in the late 1990s and early 2000s fell short of 
expectations. BIGCC entails a higher feedstock cost and greater capital investment, so interest in 
this form of combustion has lost momentum recently (IRENA 2012).  
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Overall, there are several factors that determine the efficiency and viability of a biomass 
energy system: the calorific content and moisture content of the feedstock, the cost of the 
feedstock and the cost of converting the feedstock, and the efficiency of the conversion 
technologies. In considering the suitability of a certain biomass technology in any county in 
Arizona, the available feedstocks are of primary importance, with consideration given to 
transportation of the feedstock to the plant, type of conversion technology utilized, and distance 
of the plant from primary end-users of the power and/or heat.  
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CHAPTER THREE: ENERGY DEVELOPMENT ON TRIBAL LANDS  
Tribes of Arizona 
 Arizona is home to 21 Native American reservations and 19 tribes. A list of each 
reservation, its 2010 population, its land area, its county or counties, and the primary biomass 
feedstock(s) in the surrounding area (see Figures 2.5 and 2.6) is shown in Table 3.1.  
Table 3.1: Tribes and reservations located in Arizona. 
























Yavapai 971 38.5 Maricopa Crop residues, 











Pima, Maricopa 11712 583.7 Pinal, Maricopa Crop residues, 















Hualapai 1335 1550.2 Coconino, Mohave Urban wood waste, 
landfills 
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Paiute 240 188.7 Mohave, Coconino Urban wood waste, 
landfills 
Navajo Nation Navajo 173667 27413 Apache, Coconino, Navajo, 
San Juan (NM), McKinley 
(NM), Sandoval (NM), Cibola 








Yaqui 3484 1.8 Pima Urban wood waste, 
IIC waste 
Salt River Indian 
Community 
Pima, Maricopa 6289 82.2 Maricopa Crop residues, 









10068 2853.1 Graham, Gila, Pinal Crop residues, 






10201 4446.3 Pima, Pinal, Maricopa Urban wood waste, 


























Zuni 0 19.5 Apache Forest residues 
Source: Arizona Commission of Indian Affairs 2010, National Renewable Energy Laboratory 2014.  
a 95 percent of Zuni territory is in New Mexico; Zuni Heaven is a pilgrimage site and has no permanent residents.  
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Native American Communities & Renewable Energy 
The Navajo Nation, by far the largest reservation in the country, is still not fully on the 
electrical grid—a large percentage of its households do not have electricity—but its land has the 
highest solar and geothermal potential of any reservation in the United States (EIA 2016). 
Renewable resources offer promising opportunities for rural electrification and reliable 
generation in remote areas. Though coal jobs are enticing for Native Americans on 
reservations—one Crow leader stated, “For the Crow people, there are no jobs that compare to a 
coal job...the wages and benefits exceed anything else that is available” (Regan and Anderson 
2014, 214)—renewable energy development could provide more stable, long-term “green collar” 
jobs with far fewer health and safety risks.  
Although Native American reservations have promising potential for renewable energy 
development due to their locations (often in sunny or windy areas), there are few utility-scale 
renewable projects located on tribal lands (NREL 2012). Native American leaders are reluctant 
to form partnerships—especially economic partnerships—with non-tribal entities for fear of 
losing sovereignty and management of their own resources (Allen 1989). This fear is fed by 
previous incidents with non-tribal firms such as United Nuclear and the Kerr-McGee 
Corporation that led to environmental degradation on tribal lands, as well as a general distrust of 
the federal government stemming from centuries of mistreatment, forced removal, and 
government officials reneging on their responsibility to protect tribal lands (Allen 1989).  
Without outside funding, large-scale renewable energy projects are nearly impossible to 
undertake for tribes lacking the millions of dollars in initial capital to plan and construct the 
project. In addition, because Native American tribes are not taxable entities, they are not eligible 
to receive federal tax credits that are typically vital in sustaining large-scale renewable projects, 
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thus further discouraging renewable energy development on reservations (Greenhowe 2013). 
Production tax credits offer executing firms a tax deduction per kilowatt of renewable energy 
produced; these credits account for about 17 percent of a wind farm’s income if the farm is run 
by a private company, but tribes lose out on these financial benefits (Shahinian 2007).  
Leaders of the Navajo Nation, however, have positioned the tribe as a leader in renewable 
energy in order to couple its traditionally close relationship to the environment with an economic 
desire to become a substantial energy provider for utilities in Arizona and New Mexico. In 2009, 
the Navajo Nation voted to approve a partnership with a non-tribal entity, the Green Economy 
Coalition, in order to finance and build a wind farm near Flagstaff, AZ that would generate 85 
MWh annually (Dreaming New Mexico 2008). The Navajo entered into this partnership as an 
exception to the rule of reluctance to work with non-tribal entities because the Green Economy 
Coalition had the fundraising power to finance the expensive wind development. The Navajo 
tribe had to invest $10 million of upfront capital into the project, all of which was dedicated to 
developing and training tribe members in jobs at the wind farm (Dreaming New Mexico 2008). 
Despite this large initial investment, outside funding was still necessary to pay for the planning, 
construction, and operation and maintenance (O&M) phases of the wind farm. The Navajo were 
able to provide $10 million for the project because of their size and prominence, but other less 
wealthy tribes may not be able to meet even this level of financial contribution.  
Before 2005, tribes had to receive permission from the U.S. Secretary of the Interior 
before energy development could proceed on a reservation, a loophole that undermined tribal 
sovereignty by allowing a non-tribal official to make a value judgment on what is best for a 
Native American nation. In the mid-twentieth century, some corrupt bureaucrats working for 
federal agencies like the Bureau of Indian Affairs (BIA) or the Materials Management Service of 
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the Department of Energy failed to pay or underpaid royalties from mineral development to 
tribes whose land is exploited by private companies (Allen 1989).  
In 2005, Congress passed the Indian Tribal Energy Self-Determination Act as part of the 
Energy Policy Act, which aims to incentivize renewable energy development on tribal lands 
while maintaining the greatest degree of tribal sovereignty possible. Tribes can now bypass 
approval from the Interior secretary by utilizing a Tribal Energy Resource Agreement (TERA). 
A TERA allows tribes to lease their land for a period up to 30 years for the purpose of 
generating, transmitting, or distributing electric power (Masterson 2009). In 2009, Congress 
added requirements from the federal National Environmental Policy Act (NEPA) process to the 
TERA system; now, before an energy project on tribal land can proceed, tribal leaders must 
evaluate alternatives, submit an environmental impact statement, and take on mitigation for any 
damage resulting from the project (Masterson 2009). 
 Although the TERA process increases tribal sovereignty in resource and land 
management decisions, no tribe has entered into or executed a TERA to date. Because Native 
American nations are not economically self-sufficient enough to be considered fully independent 
nations, they are classified as dependent domestic nations, meaning that the federal government 
is charged with a fiduciary role of managing lands for the welfare of the tribes and their citizens. 
As such, the federal government has ensured that “the rules and regulations around implementing 
a TERA are exceedingly complex,” as the TERA system devolves too much power to tribes and 
the federal government still has to execute its role as trustee for Indian lands (Grogan 2011, 16). 
In fact, the TERA system seems to be deliberately obscure and complex to make the federal 
government look like it is doing more to protect Indian tribes than it really is.  
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Phases of a Renewable Energy Project on Tribal Lands  
 Although it can be difficult for tribes to begin a renewable energy project, resources are 
available to ease the process and assist with regulatory obligations. Several federal government 
agencies have starter guides for renewable energy projects on tribal lands: 
• DOE’s Tribal Energy Program works to connect tribes with companies, nonprofits, and 
coalitions that can assist with capital and planning; 
• DOE’s Energy Resource Library contains repositories of past tribal renewable 
developments;   
• DOE’s Indian Energy Office hosts Tribal Energy Education seminars and Energy Best 
Practices Forums for tribal leaders; 
• BIA’s Office of Indian Energy and Economic Development offers guides on grant-
writing for currently available federal grants and a forum for tribes seeking investors in 
their renewable energy projects.  
In addition, neighboring tribes or tribes located in the same state often join together to 
form a coalition that works on planning and funding renewable energy projects, such as the 
Intertribal Council on Utility Policy (COUP), which is comprised of nine tribes in South Dakota, 
North Dakota, Wyoming, and Nebraska (Meisen and Erberich 2009). Together, small tribes can 
share resources and manpower to achieve projects that may be challenging to complete 
independently. The Intertribal COUP has plans to install 80 MW of wind turbines across six 
reservations; the group also conducts policy analysis and crafts recommendations for other tribes 
across the nation that hope to delve into renewable energy (Meisen and Erberich 2009). 
Similarly, a tribe in the early stages of planning a renewable project can find another Native 
American nation that has completed a similar development in order to gain reservation-specific 
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insights into the process. Another Native American community is more likely to understand the 
problems unique to tribal lands than a non-tribal consulting company, and a tribal group will 
likely have more respect and sensitivity to cultural issues and values surrounding the land and 
tradition (Meisen and Erberich 2009).  
A vital step in successful development of a renewable energy project is goal-setting. The 
goals for a project will likely vary from tribe to tribe, but some of the most common goals of 
tribal renewable energy development are increased number of jobs on the reservation, a more 
stable and safer source of income for tribal members, energy independence and self-sufficiency, 
electricity for rural areas and a generally increased standard of living for members, tribal-led 
management of resources and utilities (rather than dependence on non-tribal utilities), and a more 
diversified source of revenue for the tribe (Meisen and Erberich 2009). Knowing which results 
are a priority will shape the development of the project, including the size, type of renewable 
energy utilized, potential investment, stakeholders, and final destination of the energy produced 
(i.e., for the reservation or for export). For example, a utility-scale biomass gasification facility 
would not decrease reliance on non-tribal utilities and may not accomplish rural electrification, 
but distributed biomass generation through small anaerobic digesters would.  
Once a tribe has clearly set its priorities for an energy development project, its planners 
need to determine the best way to reach these goals and assess options and alternatives. The most 
efficient way to begin the planning process is to complete an Integrated Resource Plan (IRP) 
(Meisen and Erberich 2009). An IRP is a voluntary document recommended by the Department 
of Energy’s Tribal Energy Program that contains a strategic overview of the tribe’s current and 
future energy needs, a description of the tribe’s current energy portfolio, an analysis of potential 
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sources of renewable and nonrenewable energy, and an assessment of how to integrate new 
energy sources in a reliable and cost-effective manner (Meisen and Erberich 2009).  
If a tribe plans to undertake an energy development project for the purpose of exporting 
energy, it should set a plan for grid integration and power purchasing. Because many tribes in 
Arizona are geographically isolated, it may be difficult for tribes to generate electricity on tribal 
lands and transport the electricity via transmission lines if the tribe wishes to export energy; 
creating products such as bio-oil or bio-coal that can be stored, transported, and combusted at 
central power generating stations may be a more feasible option. If a tribe does decide to produce 
and sell electricity generated on the reservation, it will need to comply with the standards that 
utilities set for purchasing electricity from a third party, usually standards regarding the quality 
of electricity, type of equipment used, and rates at which the utility will purchase power (Meisen 
and Erberich 2009). Although it is not a requirement, tribes may fear a lack of a buyer after 
completion of a renewable energy project. To guarantee that they will have a buyer, tribes should 
secure a Power Purchase Agreement (PPA), a contract in which a utility promises to buy a 
certain quantity of electricity at a set rate, with the prospective utility company prior to or early 
in the stages of development of the project (Meisen and Erberich 2009).  
Barriers and Pathways for Success 
 Drawing conclusions from multiple rounds of interviews with tribal energy experts, Jones 
and Necefer identified the top three barriers to renewable energy development on tribal lands as 
financing, infrastructure, and tribal leadership (Jones and Necefer 2016). Tribal leaders have 
authority and prominence within the tribal community, but lack the necessary knowledge and 
capacity for planning renewable energy projects. When asked how these three barriers could be 
overcome, over 50 percent of the experts surveyed (n=24) desired shifts in regulation and 
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incentives from the federal government and in the energy market (Jones and Necefer 2016). 
Based on these barriers, every tribal energy expert predicted that tribes will undertake more 
small-scale renewable energy projects in the coming decade rather than utility-scale 
developments (Jones and Necefer 2016).  
 Many tribal experts did not identify state and federal legislation and regulation as an 
insurmountable barrier to renewable energy development. Although federal permitting and 
compliance requirements can be difficult and time-consuming for tribes to complete, leaders see 
the benefit in the completion of these planning steps and did not rank the processes as extremely 
significant hurdles (Jones and Necefer 2016). Instead, tribal leaders remarked on how federal 
requirements could be improved to imbue more knowledge, capacity-building, risk assessment, 
and technical decision-making skills on tribal staff responsible for carrying out the project (Jones 
and Necefer 2016).  
 Non-federal governing bodies (i.e. states and counties) do not usually pose a challenge to 
tribal renewable energy projects, as states and counties do not have regulatory authority over 
Native American lands. However, states and counties may tax Native American activities if the 
tribe leases equipment or enters into a revenue- or equity-sharing agreement with a non-tribal 
entity—for example, when the Campo Kumeyaay Nation near San Diego leased its land to a 
non-tribal wind development firm, San Diego County earned more revenue from taxing the non-
tribal partner than the Campo Kumayaay Nation received in their sparse land lease payments 
(Jones and Necefer 2016). The tribe itself was not worse off than when they entered into the 
agreement, but the double taxation from tribal and local (state, county, city) governments may 
discourage non-tribal entities from leasing or developing on tribal lands.  
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State incentives like Renewable Portfolio Standards (RPS) can create markets for tribal 
renewable energy, as utilities purchasing and selling renewable energy generated on tribal lands 
counts towards a state’s RPS. An RPS can also benefit tribes in locales where renewable energy 
is in competition with a cheaper, nonrenewable energy source, as the utility has a legal obligation 
to fulfill the state’s RPS, even with the added cost of renewable energy (LeBeau 2001). State 
legislation mandating a reduction in greenhouse gas emissions would also create a similar market 
for renewable energy. 
 The desire to maintain tribal sovereignty can make it undesirable to find a non-tribal 
financial partner in a renewable energy development (Greenhowe 2013). Tribal experts identified 
the principle of tribal sovereignty as a “motivation and catalyst” for future renewable energy 
development, as Native American nations desire their own energy projects to achieve the goals 
of energy independence, sustainability, economic development, and community resiliency (Jones 
and Necefer 2016, 22). Energy development is an opportunity to put the relatively new federal 
policies of Indian self-determination and decision-making into action and achieve coexisting 
goals at the same time. Instead of solely operating under federal, state, county, and utility rules, 
tribes can move toward energy sovereignty by developing tribally-owned and managed projects, 
creating tribe-specific energy regulations, and forming tribal or intertribal utility companies 
(DOE Tribal Energy Program 2006). Tribal utilities can be developed in conjunction with the 
BIA, during the development of other large-scale economic projects like casinos, or through the 
gradual acquisition of utility infrastructure; the main advantage to tribes starting their own 
dedicated utility company is that any revenue generated from the utility’s operations is fed back 
into the tribal authority to reinvest in the community (DOE Tribal Energy Program 2006).  
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An important consideration is the accountability of tribal governance, especially when 
energy projects generate significant revenue that is to be fed back into the community. Although 
tribal governments should want to invest those revenues back into the reservation in order to 
increase tribal sovereignty, the temptation of extra money can sometimes lead to 
misappropriation of valuable funds. For example, one tribal official from the Choctaw Nation in 
Oklahoma was convicted by the FBI for demanding bribes and kickbacks from various 
contracting companies bidding on Indian construction projects (FBI 2015). The primary agent 
involved in the case, Jeff Youngblood, was himself an enrolled member of the Choctaw tribe, 
and felt indignation at the honest companies that lost a chance at the construction project because 
they did not pay the official asking for bribes (FBI 2015). In 2015, Human Rights Watch 
released a report detailing the Lower Brule Sioux tribe’s mismanagement of millions of grant 
dollars. The tribe won $2.6 million from the federal government meant for revitalizing the tribe’s 
school system and other social programs, but has spent all of that money and more with no 
explanation as to how that money was spent (Human Rights Watch 2015). Along with providing 
insight into the lack of oversight and accountability in tribal councils, the report states that Lower 
Brule’s Council has not provided basic services that enrolled members on the impoverished 
reservation desperately need (Human Rights Watch 2015). The federal government, specifically 
the FBI and the Department of Justice, should use its fiduciary responsibility to investigate cases 
of potential corruption and misappropriation of funds. Any federal agency, foundation, or 
nonprofit organization that grants money to tribes should also include rules about disclosure of 
use.  
As previously mentioned, financing is the most significant barrier to renewable energy 
projects on tribal lands, which often requires tribes to partner with non-tribal entities and waive 
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some of their sovereignty and sovereign immunity (MacCourt 2009). One primary example of 
the harm that can come to Native American nations when they cede their sovereign immunity is 
that any conflicts that arise over payments or financing are likely to be moved to state or federal 
courts instead of tribal courts, and non-tribal courts have a precedent of ruling in favor of the 
non-tribal entity in legal disputes (Jones and Necefer 2016).  
 Financing (i.e. debt servicing) and funding is indeed a challenge to large-scale 
development on tribal lands, particularly because many tribes are economically depressed and 
hesitant to take on a capital-intensive project that is risky, may result in failure, and may require 
the tribe to take on significant debt (MacCourt 2009). When faced with these tradeoffs, some 
tribes may elect to dedicate the same financial resources toward a non-energy development that 
might be less risky and/or more lucrative (MacCourt 2009). However, tribes that do not have the 
financial capacity to fund large-scale projects may have the ability to finance, construct, and 
operate community-or facility-scale renewable energy developments (MacCourt 2009). Such 
small-scale projects still contribute to the tribal goals of energy independence, sustainability, 
economic development, and community resiliency; they have identified customers, fewer 
cultural impacts, fewer barriers to leasing and permitting, and generally do not require a tribal 
utility (MacCourt 2009). Thus, as predicted, tribes may turn to smaller-scale projects in the 
coming years rather than undertaking a capital-intensive and potentially risky utility-scale 
development. 
General Project Success and Acceptance 
Carlos and Khang 2009 present a success framework for grid-connected biomass energy 
projects using three phases: development, construction, and operation. The model lists specific 
success factors, key activities, and leading actors built on the three areas of sustainability (social, 
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environmental, and economic considerations) at each stage of project implementation. Figure 3.1 
shows major activities during each stage of a biomass energy project.  
Figure 3.1: Biomass energy project task flow. 
 
Source: Carlos and Khang 2009. 
Blumer et al. 2013 outline a variety of non-technical success factors for bioenergy 
projects using five broad categories: project characteristics, policy framework, regional 
integration, public perception, and stakeholders. A list of the specific success factors under each 
category is listed below in Table 3.2.  
 Table 3.2: Non-technical success factors of regional bioenergy projects. 
Category Potential success factors 
Project characteristics • Project size  
• Maturity of applied technology 
Policy framework • Financial incentives for bioenergy producers (e.g. tax exemptions or direct subsidies) 
• Attractive credits and guarantees 
• Instruments to increase competitiveness of bioenergy products (e.g. carbon tax or feed-in tariffs) 
• Absence of bureaucratic barriers 
• Stability of institutional framework 
• Direct governmental investments (in R&D or specific projects) 
Regional integration • Integration into existing infrastructure and businesses (e.g. use of by-products of other nearby industries) 
• Appropriate feedstock for climatic and industrial conditions 
• Reliable feedstock supply 
• Short transport distances 
Public perception • Existence of a market for bioenergy products 
• Fit with community image  
• Possibility for communities and people to identify with project 
• Transparency (communication, safety demonstrations) 
Stakeholders • Existence of success stories 
• Involvement of a large number of varied stakeholders 
• Existence of strong lobbying activities 
• Collaboration between stakeholders 
• Science/practice collaboration 
• Commitment of stakeholders 
 
Source: Blumer et al. 2013.  
 Several studies have been completed to assess the perspectives of stakeholders toward 
biomass energy, indicating factors that can be used to bolster support for biomass energy in 
communities and potential obstacles that community stakeholders see in implementing biomass 
energy projects (cf. Table 3.3). Overall, these studies stress the importance of both educational 
outreach to inform the public as well as participatory decision-making and planning processes 
that involve different stakeholder groups.  
Table 3.3: Overview of studies that have surveyed perceptions on biomass and biomass energy. 








Public survey, focus 
group discussions, and 
community forums 
The most successful outreach campaigns 
begin with an an audience analysis to 
“understand what they know and care about, 
uncover misconceptions that might thwart 
outreach activities, and learn how they 











survey of 4800 
nonindustrial private 
forest landowners  
Landowners who have wildlife management 
objectives and/or young landowners who 
owned large pine or mixed forests are the 







interviews with 40 
individuals representing 
nine different stakeholder 
groups  
Access to a long-term, consistent supply may 
be the most challenging barrier, given the 
“long history of contention between parties 
over forest products coming from public 
lands.”  
Soliño et al. 
2012 
Spain - survey 
conducted in Galicia  
Choice experiment to 
estimate 850 consumers’ 
willingness to pay given 
various effects of a 
biomass energy 
program 
Consumers particularly prefer the positive 
environmental and social effects from lower 
risks of forest fires and decreased dependence 





States - southern 
Iowa and north- 
eastern Kentucky 
Qualitative field 
interviews 48 farming 
and non-farming 




Farmers doubt that an agricultural 
bioeconomy would be of significant economic 
benefit to 
farmers like themselves (e.g., small-to-mid 
scale). Non-farmers express hope that rural 
areas could provide energy independence but 
skepticism of whether or not rural areas would 
actually  be revitalized because of corporate 
control in agribusiness. 
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Recommendations for Tribal Projects 
 Tribes wishing to execute a successful project should combine elements of the above 
recommendations, both for reservation-specific projects and general success factors. The 
following steps are vital to a project that will work technically and within the community.  
1. Set goals of the project. 
a. Complete an Integrated Resource Plan. 
b. Seek technical assistance from federal offices such as DOE’s Office of Indian 
Energy if necessary.  
2. Begin community consultation process. 
a. Ensure transparency of design through demonstrations, safety briefings, and 
seminars on technical components.  
b. Assess the possibility for residents to connect the tribe’s culture and values to the 
biomass project.  
3. Complete a feasibility study.  
a. Complete an environmental impact assessment and comply with NEPA 
requirements.  
4. Find fuel resources and secure purchasing agreements for feedstock from local suppliers. 
a. Cultivate meaningful relationships with feedstock suppliers (e.g. farmers, timber 
company owners, forest managers).  
5. Find financing partners and/or secure a loan.  
a. If producing electricity for internal use: consider grid connections.  
b. If producing electricity for external use (i.e. for selling): consider a PPA with 
local utility.  
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c. Search for and apply for federal grants where applicable (see Chapter 4).  
6. Begin construction phase. 
a. Hire external engineering firm for detailed design.  
b. Complete licensing and permitting, as well as tendering for equipment.  
c. Begin bidding process for contractors to construct the plant.  
d. Hire full- or part-time employees to staff and manage the plant.  
7. Test and commission the plant. 
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CHAPTER FOUR: FEASIBILITY STUDY 
Selection of Cocopah Reservation 
As Figures 2.5 and 2.6 have shown, many of Arizona’s Native lands have high biomass 
and methane generation resource potential. In particular, tribes located in Maricopa, Pinal, Pima, 
and Navajo Counties have high overall biomass resource potential from crop residues, primary 
mill residues, and urban wood waste. With the financial and technical assistance of the U.S. 
Department of Energy’s Office of Indian Energy Policy and Programs, several tribes have 
commissioned biomass feasibility studies to potentially take advantage of their nearby biomass 
resources. Yet, of the tribes listed in Table 4.1 below, only the White Mountain Apache 
Reservation has taken concrete steps to finance and implement its recommended 20-megawatt 
combustion facility using excess timber from logging operated by the Fort Apache Timber 
Company (Gold and Retzlaff 2003).  
Table 4.1. List of Arizona’s Native American tribes with the greatest biomass resource potential 
and completion of feasibility study, if applicable.  






Pinal 180,000  Yes 
Fort McDowell Yavapai 
Nation 
Maricopa 155,000 No 
Gila River Indian 
Community 
Pinal, Maricopa 355,000 Yes 
Hopi Reservation Navajo, Coconino 125,000 Yes 
Navajo Nation Apache, Coconino, 
Navajo 
125,000 Yes 
Salt River Indian 
Community 
Maricopa 155,000 No 
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Tohono O’odham Nation Pima, Pinal, 
Maricopa 
453,000 No 





Sources: NREL 2014, Pierce 2016.  
Note: The biomass resource potential shown in this table displays the total theoretical tonnage of biomass resources 
available to each county into which the reservation extends. These figures are likely much higher than actual 
biomass supply available to the tribe. The NREL maps are further discussed in Table 2.1 and Figures 2.5 and 2.6.  
The selection of the Cocopah Reservation was undertaken because of a lack of data on 
rural access to electricity, locational information on operations that could potentially provide 
feedstock, and employment rates for all tribes in Arizona. Because tribes are sovereign entities, 
the only U.S. agency that has management authority over them is the Bureau of Indian Affairs 
(BIA); otherwise, tribal councils have jurisdiction over their own territory (NAFSA 2012). This 
separation of jurisdictional authority makes it more difficult to obtain data.  
Tribes can voluntarily publish data that is internally collected and analyzed; however, 
smaller tribes rarely undertake comprehensive demographic or economic surveys, due to the cost 
(BIA 2014). Federal agencies can only collect data on Indian tribes if authorized to do so by 
federal law. The federal Indian Employment, Training, and Related Services Demonstration Act 
of 1992 requires the BIA to publish findings on employment in Indian Country after each census, 
but BIA report does not provide data on unemployment, as the federally-defined unemployment 
rate is difficult to ascertain on Indian reservations (BIA 2014).  
No federal law requires any agency to collect information on electricity, energy, or 
energy development on Indian lands, so consistent information on rural electrification is not 
available for all tribes in Arizona. In addition, because states have no authority over Native 
American tribes (NAFSA 2012), the Arizona government cannot gather data on reservations 
unless a tribe requests the state to do so, which occasionally occurs on issue-specific topics that 
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require data and analysis before crafting appropriate policy.11 When consistent data are not 
available for many cases, it is useful to focus on one case study. The Cocopah Reservation is, in 
all likelihood, reflective of the general situation of Native American reservations, because it is 
energy-poor and isolated, but has a reliable supply of local biomass resources. Biomass is a 
varied and diverse source of energy, and conversion technologies can use many different inputs 
to produce energy. The following feasibility study is one example of how a Native American 
reservation can utilize its local industry to fuel a small-capacity biomass generator and increase 
its environmental sustainability at a cost-effective price.  
In order to not duplicate the work already performed by environmental consultants for the 
above tribes, the feasibility study conducted here will explore the biomass potential for the 
Cocopah Reservation, a tribe in Yuma County that has access to a medium-to-low level of 
biomass resources, primarily from crop residues. This case study will attempt to determine what 
level of biomass resources is necessary for a small power generating plant to still be technically 
and financially effective. If the feasibility study is successful, the results could encourage other 
Indian reservations with mid-range biomass resources to undertake a similar operation for 
residential use. 
Biomass Feasibility Study Purpose 
 The Cocopah tribe currently receives its power from APS, a public utility in the Yuma 
region. However, the Cocopah Nation, like all Indian tribes, values its tribal sovereignty and 
aims to decrease its reliance on non-tribal entities. Generating its own biogas or electrical power 
                                                
11 See Arizona Office of Economic Planning and Development 1976 or Arizona First Things 
First 2018. In both cases, the Cocopah Reservation commissioned a demographic and economic 
study from an Arizona state government agency to address land planning and childhood health 
and education, respectively.  
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would allow the Cocopah tribe to fulfill its goals of “establish[ing] a strong, cohesive and 
financially stable community on its Reservation” (CIHAD 2013), converting existing residential 
buildings to net-zero, and improving environmental sustainability. A biomass facility would 
support the Cocopah tribe’s existing energy efficiency efforts. The Cocopah have long placed 
agricultural development at the top of the tribe’s priority area list (Arizona Office of Economic 
Planning and Development 1976), and ideally, crops and crop residues grown on the tribe’s own 
irrigated land would be used for biomass energy. Currently, there are four farms operated by 
Native Americans in Yuma County, but the land tilled by those four operators only totals 32 
acres (USDA 2012).12 Therefore, a potential biomass project would need to obtain feedstock 
from neighboring farms owned by non-tribal operators until Cocopah’s tribal agriculture has 
developed more fully.  
 The goal of this feasibility study for the Cocopah Reservation is to assess whether a 
biomass energy facility—either to produce biogas or electrical power for residential use—is cost-
effective for the tribe compared to the current rate of electricity that the tribal residents pay from 
APS. In addition, the feasibility study will address whether obtaining feedstock from one or more 
nearby farms would be cost-effective for the farm(s) and the tribe, including added transportation 
costs.   
Cocopah Reservation Profile 
 The Cocopah Indian Community is a federally registered sovereign Indian tribe, 
recognized in 1917 under President Woodrow Wilson. The reservation is a poor, rural 
                                                
12 Because the USDA Agricultural Census withholds information that would reveal specific 
details about individual farms, the acreage for each farm owned by a Native American operator 
is unknown. In addition, there are two Native American reservations in Yuma County (the 
Cocopah Reservation and the Fort Yuma Indian Reservation), and it is unknown to which tribe 
the four Native American farm operators belong. 
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community in the low-lying desert of Yuma County, located in the southwest corner of Arizona. 
About 13 miles south of the city of Yuma, the tribe’s land is bounded significantly by the 
Colorado River to the west and the U.S.-Mexico border to the south (Cocopah Indian Tribe 
2016). The Cocopah Reservation is comprised of 6,524 acres or 10 square miles of non-
contiguous land known as the North, East, and West Reservations (Cocopah Indian Tribe 2016) 
(cf. Figure 4.1).  
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Figure 4.1. Map of the Cocopah Reservation. 
 
Source: Cocopah Indian Tribe 2016.  
 As of 2010, there are approximately 817 members of the Cocopah tribe living on the 
reservation (Arizona Rural Policy Institute 2010). Approximately one-quarter (207, or 25.3 
percent) of Cocopah living on the reservation are under age 18; this relatively high proportion of 
children, compared to other reservations, requires the tribe to place a higher priority on health 
and educational services (Arizona Rural Policy Institute 2010). In addition, one-quarter of 
Cocopah members are age 65 or older (222, or 27.2 percent). This proportion is double the rate 
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of persons 65 and older in Yuma County and the state of Arizona (Arizona Rural Policy Institute 
2010). The Cocopah tribe has a high unemployment rate of 26 percent, and the number of 
Cocopah children entering the job market in the coming decade will put a strain on the 
development of the tribal workforce (Arizona Rural Policy Institute 2010).  
 In general, the Cocopah reservation is an economically poor rural area. Thirty-three 
percent of the reservation’s residents live under the federal poverty line; 31 percent of Cocopah 
residents are classified as “severely poor,” as they earn less than half of the federal poverty 
threshold (Native Peoples Technical Assistance Office 2010). Only 39 percent of households on 
the Cocopah reservation have consistent yearly earnings, and 82 percent of households rely on 
some form of federal income assistance (i.e., Social Security, Supplemental Security, public 
assistance income, or Supplemental Nutrition Assistance Program) (Arizona Rural Policy 
Institute 2010). Eighty-three percent of children under age ten live in a single-parent household, 
and 43 percent of these single parents are unemployed (Arizona First Things First 2018).  
 There are 753 housing units on the Cocopah reservation, but only 312 are occupied. Of 
the 312 units in use, 70 percent are occupied by renters (Native Peoples Technical Assistance 
Office 2010). In 2011, the tribe created an internal bureau aimed at ensuring the safety, quality, 
and affordability of its housing, called the Cocopah Indian Housing and Development Authority 
(CIHAD) (Sustainable Construction in Indian Country 2012).  
The Cocopah tribe owns and operates several commercial facilities, mostly aimed at 
attracting visitors and tourists to the reservation. The facilities are spread around the East, West, 
and North reservations: Cocopah Tribal Museum and Cultural Center, Cocopah Casino, Cocopah 
Resort & Conference Center, Cocopah RV & Golf Resort, and Cocopah Rio Colorado Golf 
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Course (Inter Tribal Council of Arizona 2014). Data on how many people are employed by these 
commercial facilities or whether or not employees must be tribal members is unknown. 
Sustainability on the Cocopah Reservation  
 CIHAD’s inspections of available housing units and initial plans call for a reduction in 
the reservation’s building energy load. CIHAD, with the help of the US Housing and Urban 
Development’s office of Sustainable Construction in Indian Country, has developed a plan to 
retrofit existing multifamily units and the Cocopah Community Center into net-zero buildings 
(Sustainable Construction in Indian Country 2012). Net-zero buildings utilize a renewable 
energy source to generate as much electricity as the building consumes; therefore, CIHAD and 
the Cocopah tribe are committed to investing in ample renewable energy sources to power 
existing buildings. However, because the tribe has undertaken significant energy efficiency 
improvements, the size of the renewable energy facility (i.e., the quantity of biomass feedstock 
needed) will be smaller, due to decreased energy demand. Until then, Cocopah’s utility, Arizona 
Power Service (APS) is setting up incentives for Cocopah residents and helping CIHAD make 
decisions about efficient cooling and heating, as well as appliance upgrades (Sustainable 
Construction in Indian Country 2012). In order to fulfill the tribe’s net-zero plan, the US 
Department of Energy awarded Cocopah a block grant of $30,600 in 2009 for energy efficiency 
improvements in their cultural center (Wotkyns 2010).  
 Although the tribe has not made any formal statements on climate change, leaders have 
established energy efficiency as a core tribal value. The Cocopah have recently prioritized 
energy conservation with an emphasis on economic aspects of sustainability, and accordingly, 
they have taken actions to “reduce fossil fuel emissions, reduce total energy use, and improve 
energy efficiency” (Wotkyns 2010, 11).  
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Resource Assessment 
 Agriculture is a major economic resource for the tribe and the county. The Cocopah 
community leases about 1,500 acres in four farms to non-Indian farmers (USDA 2012). Yuma 
County, the jurisdiction surrounding the Cocopah reservation, claims to be the “Winter lettuce 
capital of the world,” and states that the county’s agricultural operations are responsible for 90 
percent of all leafy vegetables grown in the US (Yuma County Chamber of Commerce 2012). 
Yuma County is home to 562 farms covering 214,675 acres that grow over 175 varieties of crops 
year round, including wheat, lemons, alfalfa, and dates. As a result of its large agricultural 
industry, NREL estimates that Yuma County has 50,000–100,000 dry tons of crop residues and 
15,000–25,000 dry tons of urban wood waste available for use annually (see Figure 2.2).  
 There are nine privately owned farms in close proximity to the Cocopah reservation. 
Table 4.1 lists the farms, acreage, and primary crops grown; Figure 4.2 shows a map of the farms 
in relation to the East, West, and North sections of the Cocopah reservation.  
Table 4.2: Yuma County farms in close proximity to the Cocopah Reservation.  
Farm Name Acreage Primary crops or products 
Amigo Farms Inc. 202 Lettuce, cabbage, alfalfa, cotton, wheat, sudangrass  
Waymon Farms Inc. 1216 Vegetables and Melons 
Greenheart Farms 80 Roses, cauliflower, celery, tomatoes, peppers, herbs, vegetables 
Doug Mellon Farms 1750 Melons, alfalfa, bermuda grass, lettuce, broccoli, celery, wheat, cotton 
Four Little Devils Farms Inc. 1900 Lettuce 
Burnis Williams Farm 71 Lettuce, leafy greens 
Jeff Johnson Family Farms 121 Lettuce, berries 
Seubert Family Farm 2.3 Blackberries, peaches, tangelos, eggs 
SMT Farms 418 Melons, vegetables 
Source: Google Maps and USDA.  
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Figure 4.2: Map of Yuma County farms in close proximity to the Cocopah Reservation.  
 
Source: Google My Maps, Google Earth, USDA. 
Note: Only farms registered with the US Department of Agriculture were included.  
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According to the crops grown on nearby farms, the primary biomass resource that would 
be potentially available to the Cocopah reservation is dry agricultural residues from crops like 
lettuce, wheat, alfalfa, and grasses. As stated in Chapter 2, different fuels have different calorific 
content. In general, agricultural residues have a moisture content of 20-35 percent and an average 
calorific content of 11.5 MJ/kg (IRENA 2012).  
Technology Comparison 
 The biomass conversion technologies outlined in Chapter 1 need to be re-evaluated given 
the above resource assessment and the availability of only agricultural residues for conversion.  
Table 4.3. Suitability of biomass conversion technologies for agricultural residues.  
Process Method 
Efficiency of current technology 
(percentage of energy obtained from 
inputs) 




Anaerobic digestion 10-15% No 
Landfill gas <39% No 
Biomass 
combustion 
Direct combustion via 
industrial stokers 70-90% Yes 
Combustion CHP 60-90% Yes 
Waste-to-energy 22-28% No 
Co-firing 30-40% Yes, but coal is also needed 
Gasification 
Gasification 15-30% Yes 
Gasification CHP  20–50% Yes 
Source: Faaij 2006. 
 Table 4.2 lists the available biomass conversion technologies, and whether or not each 
one is suited to accept dry agricultural residues. Although agricultural residues could potentially 
be used for digestion and subsequent production of natural gas, digestion is best suited for 
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nutrient-rich wet biomass, such as sewage, animal manure, or MSW. Similarly, waste-to-energy 
plants are best suited for combusting heterogeneous MSW, not homogeneous organic biomass.  
Efficiency also needs to be taken into account because the Cocopah do not have a large 
and consistently available feedstock supply available to them, so the most efficient and flexible 
technologies in terms of type of feedstock and feed-in rate should be prioritized over methods 
that produce less energy from the same amount of feedstock.  
Table 4.3 lists the technologies from Table 4.2 that are most suitable for combusting dry 
agricultural waste and each associated range of capital costs of each method, as well as the fixed 
operation and maintenance (O&M) cost. As the table shows, adding CHP to the technology 
substantially increases the capital cost. CHP technology allows the waste heat generated during 
the energy conversion process to be captured and used, perhaps for heating buildings. This added 
capacity would be beneficial if the tribe were located in a cold climate; however, Yuma is 
perennially warm and does not typically require much residential or commercial heating, so heat 
from CHP would not be utilized enough to merit the added cost. 
Table 4.4. Capital costs and fixed O&M of selected biomass conversion technologies.  
Process Method 
Estimated investment/capital costs 
(USD/kW) 




Direct combustion via 
industrial stokers 1630-1860 3.2–4.2  
Combustion CHP 3550–6820 3-6 
Gasification 
Gasification  2319-3400 3 
Gasification CHP 5570–6545 6 
Source: IRENA 2012.  
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Pyrolysis, carbonization, and torrefaction are all pre-treatment processes that can be 
applied to the biomass inputs before combustion or gasification. These three processes aim to 
increase the calorific content of the base fuels to obtain more energy out of the same amount of 
fuels. However, installing a separate treatment facility is an added capital and O&M cost. The 
levelized cost of electricity (LCOE) reflects whether or not the added efficiency of the fuel has a 
significant effect on the lifetime electricity generation and capital cost. The tribe could utilize the 
pre-treatment technologies to densify agricultural residues and sell them to a non-tribal 
commercial combustion facility, but that route would not address the commitment to tribal 
sovereignty and providing independent electricity for Cocopah residents.  
Levelized Cost of Electricity (LCOE) 
 Upfront capital costs of any energy technology do not show the full cost of electricity. 
Biomass conversion technologies require feedstock purchasing, transportation of feedstocks, 
equipment, operation, maintenance, and more to properly generate energy. The levelized cost of 
electricity (LCOE) is a figure that incorporates the cost of many factors and distributes it over the 
lifetime energy production of the equipment using a discounted cash flow analysis (DOE Office 
of Indian Energy 2015). Essentially, an LCOE “measures lifetime costs divided by energy 
production” (DOE Office of Indian Energy 2015, 3). The utility of calculating an LCOE for any 
given technology is that it allows for the comparison of vastly disparate methods of energy 
production (e.g. solar, natural gas, coal, and biomass) that all have different lifetimes, investment 
costs, risks, and capacities.  
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A general formula for calculating LCOE is shown below:  
 
• It = Investment expenditures (USD) in year t  
• Mt = O&M expenditures (USD) in year t 
• Ft = Fuel expenditures (USD) in year t 
• Et = Electricity generation (kWh) in year t 
• r = Discount rate (%) 
• n = Life of the system (years) (DOE Office of Indian Energy 2015).   
The above LCOE formula incorporates a net present value analysis of the total cost of installing 
and operating a power plant over its lifetime (DOE Office of Indian Energy 2015). Typically, the 
LCOE of a renewable technology is compared to the rate at which consumers purchase 
electricity from the local utility to see which is more cost effective.  
 In order to determine the size of the potential biomass generator for the LCOE, the 
Cocopah reservation’s residential electricity demand must be determined, including the peak 
months of the year and peak hours of the day. The peak monthly electricity consumption in 
Arizona is 4,645,000 MWh in the month of July, likely when the demand for air conditioning is 
the greatest at the height of summer (EIA 2017). It is likely that homes on the Cocopah 
reservation actually consume less than the statewide average, given the smaller household size 
(both occupation and square footage). To ensure a generous calculation and to ensure that the 
proposed plant will be able to accommodate peak demand, the power plant size will extrapolate 
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from average consumption for July. The following calculations show the necessary rating of a 
biomass plant to fulfill the residential needs of the Cocopah: 
4,645,000 MWh/Arizona in July ÷ 2,784,248 households consuming electricity = 1.668 
MWh/household in July 
1.668 MWh/July/household = 20.02 MWh/year/household  
200.02 MWh/year/household • 753 homes on Cocopah reservation = 15074.85 
MWh/year
15074.85 MWh/year ÷ 8760 hours/year = 1.72 MW. 
The capacity factor, or actual energy production divided by the theoretical energy production,13 
of a biomass plant is around 85 percent (IEA 2015), but this LCOE calculation will assume that 
the reduced monthly usage of residents on the Cocopah reservation cancels out any loss of 
efficiency from the plant throughout the year.  
An important consideration for the size of the plant is its ability to account for daily peak 
hour usage. At certain times of the day, many households are using much more power than 
usual—for example, when parents return home from work and children return home from school, 
a household can have lights, air conditioning, television, stove, microwave, dishwasher, washing 
machine, and more all running at the same time (APS 2016A). This “peak hour” (usually a 
period of multiple hours in the morning or evening) is when the need for electricity is the 
highest, so the grid must supply a correspondingly higher amount of electricity to meet the total 
demand (National Grid 2005).  
                                                
13 A capacity factor is most commonly used for intermittent technologies like solar or wind to 
capture the technology’s peak output over theoretical output. Essentially, the capacity factor 
measures a plant’s overall efficiency (EIA 2017).   
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APS estimates that customers in the Somerton/Yuma region use about 3.5 kW of 
electricity in one hour during a summer on-peak period, and 3.3 kW in one hour during a winter 
on-peak period (APS 2016B). APS ranks this usage as low compared to other cities’ on-peak 
usage (APS 2016B). Given that there are 753 homes on the Cocopah reservation, the necessary 
rating of a biomass power plant that would accommodate peak usage is:  
3.5 kW • 753 homes on Cocopah reservation = 2635.5 kW = 2.64 MW 
The proposed biomass power plant size of 1.72 MW is not equipped to provide for peak usage 
for all 753 homes on the Cocopah reservation. 
However, 1.72 MW is still a suitable size for the proposed power plant. First, as 
previously mentioned, only 312 of the homes on the Cocopah reservation are occupied as of 
2010 (Native Peoples Technical Assistance Office 2010). Although the feasibility study still 
takes all of the homes built on the reservation into account, because more units may become 
occupied over the 30-year life of the biomass system, the plant would be greatly over-producing 
energy if peak usage for all 753 homes were taken into consideration as well.14 Given the 312 
occupied units on the reservation, the revised rating of a power plant that could accommodate 
peak demand is:  
 3.5 kW • 312 homes on Cocopah reservation = 1,092 kW = 1.09 MW 
Thus, a 1.72 MW biomass plant would likely be able to supply peak usage for the currently 
occupied homes on the reservation. In addition, CIHAD aims to encourage energy efficiency on 
the reservation, and an effective way to do so is to continue the grid connection with APS to 
cover any electricity demand above what the power plant can produce. Utilities have solved for 
                                                
14 A calculation of this sort would assume that all 753 homes on the Cocopah reservation 
consume peak (highest) amounts of electricity at all hours of the day, when in reality, only about 
half of the homes on the reservation consume electricity, with 1-3 hours of peak demand per day.  
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the problem of the added cost of increased electricity supply by adopting time variant pricing, or 
a system in which customers who create higher demand by using electricity during peak hours 
pay a higher electricity rate (National Grid 2005). Similarly, to encourage energy conservation, 
the tribal government can inform residents that they will have to pay typical electricity rates 
(about $0.13/kWh) for any consumption over what the biomass plant provides. 
 The Federal Energy Management Program of the U.S. Department of Energy sets 
discount rates each year to be used in cost-effectiveness, lease/purchase, internal government 
investment, and asset sales. For fiscal year 2018, the real discount rate is 3.0 percent, and the 
nominal discount rate is 2.4 percent (Federal Energy Management Program 2017). However, to 
account for variation, the LCOE will also use real discount rates of five percent and ten 
percent.15 The useful life of a combustion stoker and a gasifier is typically between 20 and 30 
years (IRENA 2012, NREL 2012).16  
 IRENA lists the average prices for a variety of feedstocks and transportation costs, and 
finds that the typical cost for local agricultural residues is $4.8–6.0/GJ, or $55–60/ton, with no 
significant transportation costs necessary, but including collection fees and a premium paid to 
farmers (IRENA 2012). Given that all of the commercial farms considered in this feasibility 
study are located no more than five miles away from the Cocopah Reservation, IRENA’s 
estimated rate for cost of feedstock will be used in the LCOE calculation. The LCOE calculation 
uses the assumption that 40 tons of agricultural feedstock produce 1 MW of power; therefore, 
                                                
15 Calculations done in IEA 2015 model LCOEs with discount rates of 3%, 7%, and 10%.  
16 IRENA 2012 estimates 20-25 years, while NREL estimates 20-30 years.  
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68.8 tons of agricultural feedstock are needed to produce 1.72 MW of power annually (EPA 
Combined Heat and Power Partnership 2007).17 
 Table 4.5 shows high and low estimates for the technology-specific variables in the 
LCOE formula for combustion stokers and gasifiers.  
Table 4.5. Investment costs and O&M costs of combustion stokers compared to gasifiers.  
 Investment cost ($/kW)  Fixed O&M ($/kWh) 
Combustion stoker 1630-1860 0.009-0.013 
Gasifier 2319-3400 0.018-0.028 
Sources: EPA Combined Heat and Power Partnership 2007, Mott MacDonald Group 2011.  
 
Table 4.6. LCOE for combustion stokers using low cost estimates of investment ($1630/kW), 
O&M ($0.009/kWh), and fuel ($55/ton), with 3% and 5% discount rates.  
 3% 5% 
Years 1 2–30 1 2–30 
Investment ($) $2,803,600 $0 $2,803,600 $0 
O&M ($) $135,673.65 $135,673.65 $135,673.65 $135,673.65 
Fuel ($) $3,784 $3,784 $3,784 $3,784 
Electricity generation (kWh) 15074850 15074850 15074850 15074850 
Discount rate 0.03 0.03 0.05 0.05 
LCOE ($/kWh) $0.0185 $0.0208 
  
                                                
17 EPA Combined Heat and Power Partnership 2007 does not specify a rate, but calculates that a 
15.5 MW biomass combustion plant requires 600 tons of feedstock annually. Dividing 600 tons 
by 15.5 MW produces a feedstock ratio of about 39 tons per MW.  
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Table 4.7. LCOE for combustion stokers using high cost estimates of investment ($1860/kW), 
O&M ($0.013/kWh), and fuel ($60/ton), with 3% and 5% discount rates.  
 3% 5% 
 1 2–30 1 2–30 
Investment ($) $3,199,200 $0 $3,199,200 $0 
O&M ($) $195,973.05 $195,973.05 $195,973.05 $195,973.05 
Fuel ($) $4,116 $4,116 $4,116 $4,116 
Electricity generation (kWh) 15074850 15074850 15074850 15074850 
Discount rate 0.03 0.03 0.05 0.05 
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Table 4.8. LCOE for gasifiers using low cost estimates of investment ($2319/kW), O&M 
($0.018/kWh), and fuel ($55/ton), with 3% and 5% discount rates.  
 3% 5% 
years 1 2–30 1 2–30 
Investment ($) $3,988,680 $0 $3,988,680 $0 
O&M ($) $271,347.30 $271,347.30 $271,347.30 $271,347.30 
Fuel ($) $3,784 $3,784 $3,784 $3,784 
Electricity generation (kWh) 15074850 15074850 15074850 15074850 
Discount rate 0.03 0.03 0.05 0.05 
LCOE ($/kWh) 0.0314 0.0346 
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Table 4.9. LCOE for gasifiers using high cost estimates of investment ($3400/kW), O&M 
($0.028/kWh), and fuel ($60/ton), with 3% and 5% discount rates.  
 3% 5% 
 1 2–30 1 2–30 
Investment ($) $5,848,000 $0 $5,848,000 $0 
O&M ($) $422,095.80 $422,095.80 $422,095.80 $422,095.80 
Fuel ($) $4,116 $4,116 $4,116 $4,116 
Electricity generation (kWh) 15074850 15074850 15074850 15074850 
Discount rate 0.03 0.03 0.05 0.05 
LCOE ($/kWh) 0.0475 0.0523 
 
IRENA notes that “where capital costs are low and low-cost feedstocks are available, 
bioenergy can provide competitively priced, dispatchable electricity generation with an LCOE 
around USD 0.06/kWh,” a price much lower than typical electricity rates (IRENA 2012, 40). In 
fact, the above calculations, showing results over a 30-year period using local agricultural 
residues and a small operating capacity of 1.72 MW produces an LCOE of $0.0185–$0.0264 for 
combustion stokers and $0.0314–0.0523 for gasifiers.  
Financing and Net Present Value 
 Although the LCOE analysis initially indicates an extremely low price of electricity, the 
LCOE alone does not show what the Cocopah (both the government and the individual 
D’Souza  82 
consumers) will pay for the proposed biomass plant. In order to find that figure, financing of the 
investment and net present value analyses must be performed. 
Table 4.10. Total investment cost for each proposed type of biomass plant using high and low 
estimates for the 30-year life of the plant.  
 Stoker - Low Stoker - High Gasifier - Low Gasifier - High 
Capital $2,803,600.00 $3,119,200.00 $2,388,570.00 $5,848,000.00 
O&M $4,070,209.50 $5,879,191.50 $8,140,419.00 $12,662,874.00 
Fuel $113,520.00 $123,480.00 $113,520.00 $123,480.00 
Total $6,987,329.50 $9,121,871.50 $12,242,619.00 $18,634,354.00 
 
Table 4.10 shows the upfront investment for the equipment, O&M, and fuel for the 30-year life 
of the plant. As shown above, the initial cost for each plant is high, between $6.9 million and 
$9.1 million for combustion stokers and $12.2 million and $18.6 million for gasifiers. The 
Cocopah will likely need to borrow this sum, either by partnering with an outside organization or 
taking out an independent loan; as discussed in Chapter 3, Native American tribes are reluctant 
to enter into a financial relationship with a non-tribal entity, so it is most likely that the Cocopah 
would choose to borrow directly from a bank. A new LCOE model will thus have to include debt 
servicing. Table 4.10 shows the new total costs of equipment, O&M, and fuel with financing, 
using an estimated annual interest rate of five percent (Office of Energy Efficiency and 
Renewable Energy 2014).  
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Table 4.11. Total investment cost for each proposed type of biomass plant over 30 years, before 
and after financing.  
 Stoker - Low Stoker - High Gasifier - Low Gasifier - High 
Total before interest $6,987,329.50 $9,121,871.50 $12,242,619.00 $18,634,354.00 
Total after interest (5%) $10,480,994.25 $13,682,807.25 $18,363,928.50 $27,951,531.00 
 
With financing, the cost of the biomass plant to the Cocopah over 30 years is even higher. 
Given the various socio-economic problems the Cocopah face, discussed at the start of this 
chapter, the tribal government could spend this money in a variety of ways—for example, 
increasing the availability of educational and service facilities for Cocopah’s many young 
children (Arizona First Things First 2018). In order to determine whether this significant amount 
of capital is worth the benefit gained over the life of the project, a net present value analysis must 
also be conducted. Net present value compares the savings that would result from reduced 
electricity costs (in the form of cash flow over 30 years) with the dollar amount that would result 
from accrued interest in an investment over the same period. Non-use compounding interest rates 
of three percent and five percent were used to calculate the compounded value of the investment 
over time and compare it to the fiscal savings from biomass energy at three, five, and ten percent 
discount rates. The fiscal savings from the biomass plant were calculated using an electricity 
price of $0.13412/kWh, which is the rate that APS charges for customers on the Premier Choice 
Large plan.18 This figure is likely to increase year-over-year by a factor of about 3.1 percent, so 
                                                
18 APS charges for power using plans based on how much electricity a household uses per 
month. The plans are different depending on whether or not the customer has an on-site 
distributed generation system, such as solar PV. If the customer has an on-site distributed 
generation system, APS uses a rate schedule with peak and off-peak usage. If the customer does 
not, APS charges one flat electricity rate. This model uses the EIA’s average highest average 
monthly usage estimate for Arizona of 1668.1 kWh; the APS plan that best fits these data is the 
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savings will increase more each year (EIA 2015) Tables 4.12-4.15 show the net present value 
and adjusted LCOE for each biomass conversion technology, using high and low estimates.19  
                                                
Premier Choice Large plan, which is “available to residential Customers with an annual average 
monthly energy usage of 1,000 kWh or more who do not have an on-site distributed generation 
system” (APS 2018A, 1).  
19 Note that a higher net present value indicates a “better” investment.  
 Table 4.12. Net present value and adjusted LCOE (with financing) for a combustion stoker using low estimates. 
 WITH BIOMASS PLANT ALTERNATIVE INVESTMENT/SAVINGS 
Capital $2,803,600.00 $2,803,600.00 $2,803,600.00 $2,803,600.00 
O&M $4,070,209.50 $4,070,209.50 $4,070,209.50 $4,070,209.50 
Fuel $113,520.00 $113,520.00 $113,520.00 $113,520.00 
Total Cost $6,987,329.50 $6,987,329.50 $6,987,329.50 $6,987,329.50 
Cost + Financing @ 5% interest $10,480,994.25 $10,480,994.25 N/A N/A 
Electricity generation  (kWh/year) 15,074,850 15,074,850 0 0 
Discount rate/Interest rate 3.00% 5.00% 3.00% 5.00% 
LCOE $0.0185 $0.0208 - - 
Savings per kWh $0.12 $0.11 0 0 
Savings per year $1,742,954.16 $1,708,282.00 0 0 
Term (years) 30 30 30 30 
NPV $23,681,676.48 $15,779,487.17 $13,275,926.05 $17,468,323.75 
LCOE with Financing $0.0194 $0.0218 - - 
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Table 4.13: Net present value and adjusted LCOE (with financing) for a combustion stoker using high estimates. 
 WITH BIOMASS PLANT ALTERNATIVE INVESTMENT/SAVINGS 
Capital $3,119,200.00 $3,119,200.00 $3,119,200.00 $3,119,200.00 
O&M $5,879,191.50 $5,879,191.50 $5,879,191.50 $5,879,191.50 
Fuel $123,480.00 $123,480.00 $123,480.00 $123,480.00 
Total Cost $9,121,871.50 $9,121,871.50 $9,121,871.50 $9,121,871.50 
Cost + Financing @ 5% $13,682,807.25 $13,682,807.25 N/A N/A 
Electricity generation  (kWh per year) 15,074,850.00 15,074,850.00   
Discount rate/Interest rate 3.00% 5.00% 3.00% 5.00% 
LCOE $0.0238 $0.0264 - - 
Savings per kWh $0.11032 $0.10772 0 0 
Savings per year $1,663,057.45 $1,623,862.84 0 0 
Term (years) 30 30 30 30 
NPV $18,913,852.80 $11,279,944.76 $18,243,773.03 $22,804,678.75 
LCOE with Financing 0.025 0.0277 - - 
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Table 4.14: Net present value and adjusted LCOE (with financing) for a gasifier using low estimates (see Table 4.7). 
 WITH BIOMASS PLANT ALTERNATIVE INVESTMENT/SAVINGS 
Capital $3,988,680.00 $3,988,680.00 $3,988,680.00 $3,988,680.00 
O&M $8,140,419.00 $8,140,419.00 $8,140,419.00 $8,140,419.00 
Fuel $113,520.00 $113,520.00 $113,520.00 $113,520.00 
Total Cost $12,242,619.00 $12,242,619.00 $12,242,619.00 $12,242,619.00 
Cost + Financing @ 5% interest $18,363,928.50 $18,363,928.50 N/A N/A 
Electricity generation  (kWh/year) 15074850 15074850 0 0 
Discount rate/Interest rate 3.00% 5.00% 3.00% 5.00% 
LCOE $0.0314 $0.0346 - - 
Savings per kWh $0.10272 $0.09952 0 0 
Savings per year $1,548,488.59 $1,500,249.07 0 0 
Term (years) 30 30 30 30 
NPV $11,987,131.33 $4,698,576.89 $23,260,976.10 $30,606,547.50 
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Table 4.15: Net present value and adjusted LCOE (with financing) for a gasifier using high estimates (see Table 4.8). 
 WITH BIOMASS PLANT ALTERNATIVE INVESTMENT/SAVINGS 
Capital $5,848,000.00 $5,848,000.00 $5,848,000.00 $5,848,000.00 
O&M $12,662,874.00 $12,662,874.00 $12,662,874.00 $12,662,874.00 
Fuel $123,480.00 $123,480.00 $123,480.00 $123,480.00 
Total Cost $18,634,354.00 $18,634,354.00 $18,634,354.00 $18,634,354.00 
Cost + Financing @ 5% $27,951,531.00 $27,951,531.00 N/A N/A 
Electricity generation  (kWh per year) 15074850 15074850 0 0 
Discount rate/Interest rate 3.00% 5.00% 3.00% 5.00% 
LCOE 0.0475 0.0523 - - 
Savings per kWh 0.08662 0.08182 0 0 
Savings per year $1,305,783.51 $1,233,424.23 0 0 
Term (years) 30 30 30 30 
NPV -$2,357,597.96 -$8,990,777.48 $35,405,272.60 $46,585,885.00 
LCOE with Financing 0.0499 0.0544 - - 
 
 The net present value analysis shows that the investment in a biomass facility is only 
profitable under certain conditions. For combustion stokers, the investment is profitable in the 
following scenarios: 
• Low input costs, 3% discount rate over 30 years vs. 3% non-use interest rate → 
Net gain of $10,405,750 if the biomass project is undertaken 
• Low input costs, 5% discount rate over 30 years vs. 5% non-use interest rate → 
Net gain of $2,503,561 if the biomass project is undertaken 
• High cost estimates, 3% discount rate over 30 years vs. 3% non-use interest rate 
→ Net gain of $670,080 
There is no scenario in which purchasing a gasifier would be more profitable to the Cocopah 
over the long term. The conditions under which the biomass project would be profitable are 
fairly likely to occur. First, the technology for a combustion stoker must fall between the low and 
high cost estimates. The discount rate over 30 years must be around three percent; this is likely, 
as DOE’s Federal Energy Management Program sets its real discount rate for energy projects at 
three percent exactly. Lastly, if the Cocopah invest the proposed capital in a bank account, the 
compounded interest rate must be three percent, which is actually a fairly high non-use interest 
rate. Since the recession of 2007-2008, interest rates have averaged closer to one percent. The 
Cocopah might be better off investing the money in a relatively safe investment portfolio such as 
treasury and municipal bonds. Under the scenarios in which a combustion stoker would be 
profitable, the LCOE is still fairly low - between $0.0194 and $0.025 per kWh - compared to the 
current APS rate of $0.134/kWh (APS 2018A).  
 As insurance against any outages with the biomass plant, the Cocopah should still 
maintain existing grid connections and plan with APS. APS charges higher rates to customers 
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who have an on-site distributed generation system split into on-peak and off-peak charges in the 
summer and winter.20 The Cocopah would qualify for the APS Partial Requirements Service, as 
they would “self-provide some of their electrical requirements from on-site generation” (APS 
2018B, 4). If the biomass plant goes offline and backup power is needed from APS, the Cocopah 
would pay a peak rate of $0.1102 (winter) and $0.1316 (summer) and an off-peak rate of 
$0.07798 (APS 2018B). Maintaining a precautionary plan with APS results in a higher electricity 
rate than obtained from biomass, but will probably be used rarely in the useful life of the project.  
Given the significant financial considerations of this biomass plant, it is recommended 
that the Cocopah purchase a combustion stoker boiler with a capacity of 1.72 MW, but only if 
tribal officials can find a loan with an interest rate of between three and five percent. If officials 
cannot find a loan with such an interest rate, they should not purchase the biomass plant. The 
effects of losing money are much greater in an economically poor community such as the 
Cocopah than in a wealthier community whose residents can absorb and accommodate any 
financial losses from a risky investment. The tribe should err on the side of caution with any 
project that could produce losses. 
Section 1703 of Title XVII of the Energy Policy Act of 2005 created a renewable energy 
Loan Guarantee Program at the Department of Energy. Currently, DOE has $4.5 billion available 
in loan guarantee authority to underwrite “projects with high technology risks that ‘avoid, reduce 
or sequester air pollutants or anthropogenic emissions of greenhouse gases’” (USDOE 2014). 
Many types of institutions or governments are eligible for loan guarantees, including 
commercial, nonprofit, educational, and agricultural, but tribal governments are not eligible, thus 
                                                
20 Discussed in footnote 18 above. 
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further emphasizing the need for caution when seeking loans from a financial institution and 
setting loan terms (USDOE 2014).  
Even if the Cocopah received an interest-free loan from the Arizona government or the 
federal government, a gasifier would still not be a profitable investment. Tables 4.15 and 4.16 
reproduce Tables 4.13 and 4.14 above but eliminate financing to simulate the costs if the 
Cocopah obtained a loan at zero percent interest.  
Table 4.16. Net present value (with interest-free loan) for a gasifier using low input costs (see 
Table 4.14). 
 WITH BIOMASS PLANT 
ALTERNATIVE 
INVESTMENT/SAVINGS 
Capital $3,988,680.00 $3,988,680.00 0 0 
O&M $8,140,419.00 $8,140,419.00 0 0 
Fuel $113,520.00 $113,520.00 0 0 
Total Cost $12,242,619.00 $12,242,619.00 $12,242,619.00 $12,242,619.00 
Electricity 
generation  (kWh/year) 15074850 15074850 0 0 
Discount rate/Interest rate 3.00% 5.00% 3.00% 5.00% 
LCOE $0.0314 $0.0346 - - 
Savings per kWh $0.10272 $0.09952 0 0 
Savings per year $1,548,488.59 $1,500,249.07 0 0 
Term (years) 30 30 30 30 
NPV $18,108,440.83 $10,819,886.39 $23,260,976.10 $30,606,547.50 
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Table 4.17. Net present value (with interest-free loan) for a gasifier using high input costs (see 
Table 4.15). 
 WITH BIOMASS PLANT 
ALTERNATIVE 
INVESTMENT/SAVINGS 
Capital $5,848,000.00 $5,848,000.00 0 0 
O&M $12,662,874.00 $12,662,874.00 0 0 
Fuel $123,480.00 $123,480.00 0 0 
Total Cost $18,634,354.00 $18,634,354.00 $18,634,354.00 $18,634,354.00 
Electricity generation  (kWh per 
year) 15074850 15074850 0 0 
Discount rate/Interest rate 3.00% 5.00% 3.00% 5.00% 
LCOE 0.0475 0.0523 - - 
Savings per kWh 0.08662 0.08182 0 0 
Savings per year $1,305,783.51 $1,233,424.23 0 0 
Term (years) 30 30 30 30 
NPV $6,959,579.04 $326,399.52 $35,405,272.60 $46,585,885.00 
 
The NPV for a gasifier using low and high cost estimates is still lower than if the Cocopah 
invested the money over thirty years; even the reduced cost from an interest-free loan do not 
offset the overall higher cost of the technology. 
Potential Incentive Programs 
 The U.S. Department of Energy Office of Indian Energy (OIE) exists to provide financial 
and technical assistance programs for tribes seeking to undertake energy or energy efficiency 
projects. As of 2018, OIE has announced $11.5 million in available funds to support tribal 
energy projects in the form of grants. The 2018 announcement of funds departs from past years 
in that OIE will disburse the money on “an entirely fuel- and technology-neutral basis,” whereas 
OIE would formerly support only renewable energy projects (Office of Indian Energy Policy and 
Programs 2018). OIE’s rationale for this shift is to allow tribes to fully use the renewable and 
nonrenewable resources available to them, as many tribes have significant mineral resources 
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available on their land (U.S. Department of Energy 2018).21 OIE states that this new policy is 
more consistent with ensuring tribal sovereignty and self-determination by investing in projects 
that are less risky (Office of Indian Energy Policy and Programs 2018), although with no 
mention of potential environmental justice or public health concerns.  
 OIE’s theme for funding in FY 2018 is to increase energy security and resilience for 
Indian tribes and Alaska Native villages. The three topic areas for funding concern energy 
efficiency for institutional buildings (Topic Area 1), community-scale energy generating systems 
(Topic Area 2), and autonomous energy systems for emergency situations (Topic Area 3) (Office 
of Indian Energy Policy and Programs 2018). A biomass plant for the Cocopah tribe would fall 
under Topic Area 2. OIE will take on a 50 percent cost share with tribes that apply and are 
selected to receive funding for a specific project proposal.  
 Other federal government agencies offer funding opportunities for which tribes are 
eligible to receive grants, but importantly, are not the only entities eligible for the grant money. 
Many of these grant programs focus on economic development and education, especially in rural 
areas. Because these grants are typically broader and have wider eligibility, the application pool 
will likely be much larger than grants that are only made available to tribes.  
 The Economic Development Administration’s Public Works and Economic Adjustment 
Assistance Program funds projects that support construction, non-construction, or technical 
assistance in rural or urban areas to promote economic prosperity in distressed communities 
(EDA 2017). The goal of the agency’s assistance program is to attract investment and foster job 
                                                
21 A press release from DOE states that tribal lands only comprise two percent of U.S. land area, 
but 30 percent of coal reserves, 50 percent of potential uranium reserves, and 20 percent of 
known oil and gas reserves (U.S. Department of Energy 2018). OIE’s new fuel-neutral funding 
policy is consistent with the Trump administration’s shift away from renewable energy and 
toward mineral development.  
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creation in socio-economically poor areas of the United States (EDA 2017). Grants disbursed 
under this program can be between $100,000 and $3 million. Tribal governments are one of the 
many entities eligible for this program, along with special district, city, county, and state 
governments, nonprofits, schools, and universities (EDA 2017).  
 The U.S. Department of Agriculture offers programs aimed at developing and 
strengthening rural communities, one of which funds energy-related projects. USDA defines 
rural areas as regions with no more than 20,000 residents; Native American reservations are 
treated as independent communities regardless of the population of their adjacent cities. The 
ongoing USDA Community Facilities Direct Loan & Grant Program funds “essential community 
facilities,” such as health care, public safety, government, educational, food systems, or energy 
facilities, in rural areas (USDA 2015). The program provides funds in the form of low-interest 
direct loans, grants, or a combination of the two, with priority going to communities with a 
population of 5,500 residents or fewer and low-income communities (USDA 2015). Because the 
Cocopah tribe has a low population of only 817 and qualifies as a low-income community,22 
USDA will place a higher priority on the tribe’s application for funding (Arizona Commission of 
Indian Affairs 2010). If selected, USDA would grant a percentage of the total project amount or 
offer a full loan at a low interest rate, depending on the Cocopah tribe’s federal grant and loan 
eligibility.  
 Federal agencies often announce new grant programs addressing specific topic areas for 
which the Cocopah biomass project could qualify, such as economic revitalization, rural 
development, energy, or community self-sufficiency. Federal websites such as Grants.gov or 
                                                
22 USDA defines a low-income community as one whose population has a “median household 
income below 80% of the state nonmetropolitan median household income” (USDA 2015).  
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NativeOneStop.gov post grant opportunities as they are released. States sometimes host similar 
programs that can usually be found on the Database of State Incentives for Renewables & 
Efficiency at DSIREUSA.org.  
Potential State Incentive Program  
 In 2006, Arizona had only 9 MW of installed renewable energy (Frisvold et al 2009), but 
as of 2017, had 3,254 MW of installed renewable energy capacity in solar alone, ranking third in 
the nation for solar installation (Ringle 2017). This increase in renewable energy installation is 
thanks to Arizona’s 2007 RES and substantial new tax incentives for both commercial and 
residential solar. As previously mentioned, Native American tribes do not pay federal or state 
taxes, and are therefore not eligible for federal or state tax credits, rebates, or exemptions, which 
often account for a large part of a renewable energy project’s income or cover a large part of the 
project’s initial capital cost. So, if the state wishes to incentivize renewable energy development 
on tribal lands, the state government should adopt a non-tax-related energy incentive program.  
 The main type of non-tax-related incentive that states offer are State Energy Loan 
Programs (SELPs), administered through a state energy agency. The federal American Recovery 
and Reinvestment Act of 2009 allotted $3.1 billion to support small-scale renewable energy and 
energy efficiency programs in state-managed energy funds (Clean Energy States Alliance 2009). 
In addition to federal monies, states typically also pass a constitutional amendment to authorize 
the periodic sale of bonds to accommodate large energy loan requests (USDOE 2017). State 
energy loans usually range from $20,000 to $20 million depending on the state, with interest 
rates set at about 1-2 percent of the loan amount (USDOE 2017).23 In addition to low interest 
                                                
23 There is no legal limit to SELP loan amounts, but most states hold an unofficial loan 
maximum of $1,000,000 (USDOE 2017).  
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rates, SELPs usually offer longer amortization (the loan is usually amortized over the useful life 
of the technology), fewer administrative fees and delays, and unsecured loans (Clean Energy 
States Alliance 2009).  
Eligibility for a SELP is broad—any individual, business, school, city, county, district, 
corporation, cooperative, nonprofit, or tribe that undertakes a project that saves energy, produces 
energy from renewable resources, uses recycled material to make products, or uses alternative 
fuels can apply for and receive a loan under the SELP (USDOE 2017). As of FY 2018, seven 
states do not have SELPs in place (DSIRE 2018).24 Arizona does not administer a SELP; in fact, 
Gov. Doug Ducey shuttered Arizona’s State Energy Program and the Governor’s Office of 
Energy Policy as part of his goal of dismantling energy efficiency programs in the state 
(Randazzo 2015). Although Arizona’s administration has not prioritized establishing a SELP, 
renewable energy installation in Arizona has grown substantially due to tax credits and the state 
RPS, and a loan program is a simple and federally-subsidized method of further supporting 
renewable growth in the state. NGOs and federal agencies have completed assessments of SELPs 
since the passage of the American Recovery and Reinvestment Act of 2009 documenting the 
financial and environmental successes of state loans and completed projects and delineating best 
practices for establishing new SELPs.25 Arizona could easily take advantage of these resources to 
create a successful SELP that would provide non-tax-related benefits to tax-exempt entities like 
tribal governments.  
                                                
24 These states are: Arizona, Utah, Wyoming, North Dakota, Kansas, West Virginia, and the 
District of Columbia.  
25 See Brown 2009, U.S. EPA State Clean Energy and Climate Program 2011, or National 
Association of State Energy Officials 2016 for examples.  
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Prioritization of Grant Applications 
 Given that the Cocopah have limited administrative capacity, it is unrealistic to assume 
they can apply for all the aforementioned programs. Often, federal grant or loan programs for 
energy projects require multiple application-specific components (i.e., there is no common 
application to submit to multiple agencies), technical feasibility studies, and multiple rounds of 
interviews before final selection. This process can take months or years to complete, which may 
significantly delay the timeline which the project is compared to if the tribe sought a loan and 
began the project independently. The tribe’s likelihood of successfully receiving the grant or loan 
and the complexity of the application process must be weighed against the tribe’s administrative 
capacity to determine which programs should receive the highest application priority. Table 4.17 
outlines components of the three relevant grant or loan programs.
 Table 4.18: Three federal grant programs relevant to the potential Cocopah biomass project.  
Program Funds Eligibility Components of Application; Assistance offered 
U.S. Department of Energy - 
Office of Indian Energy 






Tribal governments Application for federal assistance; Single summary slide; Workplan; 
Project metrics data; Project metrics data file; Budget justification 
workbook; Disclosure of lobbying activities. 
 
DOE hosted an informational webinar to provide information on the 
funding opportunity and application requirements for FY 2018.  
Economic Development 
Administration’s Public 







$100,000 – $3 
million 
Tribal governments; 
Special district, city, 
township, county, 
state  governments; 




Proposal package (Application for federal assistance, proposal, budget, 
map); Budget narrative; Assurances; EDA application; Beneficiary 
information; Application supplement for construction program; Calculation 
of estimated relocation and land acquisition expenses; Environmental 
narrative; Disclosure of lobbying activities.  
 
A regional office will first review the completed application; successful 
applications will be sent to the federal EDA.  
USDA Community Facilities 





75% of the project 








Application for federal assistance; Request for environmental information; 
Environmental assessment for Class I action; Agreement with attorney; 
Agreement for engineering services; Project summary; Operating budget; 
Balance sheet; Preliminary engineering report; Letter of intent to meet 
conditions; Resolution of members; Loan resolution; Water users 
agreement; Option to purchase real property; Appraisal report - farm tract, 
water and waste disposal systems; Water rights; Right-of-way easement 
and certificate; Evidence of compliance with state statutes, federal, state 
areawide, local, and municipal comprehensive plans; Nonpollution 
certificate; Project fund analysis; Request for obligation of funds; Equal 
opportunity agreement; Assurance agreement; Compliance statement.  
 
USDA requires that the applicant contact the local USDA office for 
assistance in preparing the above documents.  
Sources: OIE 2018, EDA 2017, USDA 2015.  
 Based on application requirements and eligibility, the OIE Grant and Loan Program 
seems to have the highest likelihood of success and the fewest number of application 
components. Tribes are the only entities eligible for the OIE Program, and the Program’s main 
topic areas focus on energy efficiency and energy generation. The EDA and USDA programs 
have wide ranges of eligibility and topic areas for which tribal energy projects are eligible, but 
are not the only area of consideration.  
For programs with wide eligibility, small tribes like the Cocopah would be competing 
against politically savvy organizations that could have the capacity to hire trained grant writers 
and professional technical firms. A 2010 Department of Justice (DOJ) report noted that, although 
tribes were eligible for a wide selection of DOJ grants, only a fraction of the country’s 563 tribes 
traditionally submitted grant applications (DOJ 2010). Upon interviewing tribal representatives, 
DOJ found two general reasons for a lack of tribal applications for federal grants: tribes were not 
aware of new funding opportunities, and tribes lacked the expertise to prepare competitive 
applications (DOJ 2010). Although some tribes are experienced grant applicants that have 
internal knowledge of federal processes, some tribes may have never submitted a grant 
application. To address this disparity, DOJ proposed that federal agencies submit examples of 
“best practice” applications that illustrate a successful proposal (DOJ 2010). In addition, DOJ 
recommended that grant officers follow up with tribes after unsuccessful applications to review 
problem areas. The report also called for the implementation of training programs specifically for 
federal agency staff to be more aware of issues specific to tribes, tribal culture, and tribal 
sovereignty.  
The OIE program, notably only for tribal governments, has addressed some of the DOJ 
concerns in its streamlined and transparent application process. The documents required for the 
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OIE grant are fairly accessible and do not require a high level of technical development or 
understanding from the administrator completing the application (OIE 2018). In fact, most of the 
questions in the Workplan and Project Metrics Data File, the two most technical documents, are 
answered in the feasibility study presented here. Although OIE does not provide technical 
assistance to potential applicants, representatives from the office have publicly answered 
questions on the DOE website. All of the files required for application have appendices with 
properly completed and well-written examples. Lastly, tribes do not need to consult with a local 
office to receive forms or submit an application, as all forms can be downloaded and submitted 
directly on the DOE website. The other two programs discussed in Table 4.17 are quite onerous 
in terms of administrative requirements. If the Cocopah have the ability to prepare two 
applications, the USDA Program would be a promising second option because applicants are 
required to consult with the local USDA office for assistance in preparing documents and 
securing agreements.  
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CHAPTER FIVE: CONCLUSION 
The landscape of energy development on tribal lands is certainly complex. Not only do 
tribal officials have to navigate the waters of energy policy and a tense relationship with the 
federal government, but they must work consistently to uphold the most fundamental principle of 
Native American governance: tribal sovereignty. Tribal sovereignty focuses on independence 
from all outside forces to the greatest extent possible, including exemption from state and federal 
taxes and a separate tribal jurisdiction with regulation, housing, criminal justice, and more. 
Tribes demanded federal recognition as sovereign nations on sovereign land to expressly avoid 
the any decisions made by the federal government that negatively affect the interests of Native 
Americans. 
Despite the longstanding principle of tribal sovereignty, many federal officials have made 
energy decisions without regard to the health, safety, and culture of already socioeconomically 
disadvantaged Native American peoples. Between 1944 and 1986, the Department of Interior 
allowed the Kerr-McGee Corporation to extract four million tons of ore containing uranium from 
Navajo lands, which led to generations of Navajo with kidney failure and cancer from uranium 
contamination in the soil and water (Morales 2016). At the start of his term in 2017, President 
Trump signed an executive order that authorized the construction of the Dakota Access Pipeline, 
despite hundreds of thousands of protesters campaigning for months at the Standing Rock Sioux 
Reservation against the pipeline’s cultural and environmental degradation (Harder and Matthews 
2017). The Navajo Generating Station, located on tribal land alongside the largest coal mine in 
Arizona, has produced higher rates of lung cancer and asthma, in addition to consuming enough 
water to supply 65,000 homes (Rainey 2017). The Generating Station, approved by the state of 
Arizona and the Department of Interior in 1975, employs almost 700 Navajo and provides the 
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Navajo and Hopi tribes with millions of dollars in mining royalties—but none of the electricity 
produced from the plant goes to the reservation (Rainey 2017).  
Native American communities have distinctly energy-rich lands, both in terms of mineral 
resources and renewable resources. Corporations and government agencies have exploited this 
richness, either with or without active participation and consent from the tribes. As 
environmentally damaging as they are, coal and oil industries can bring invaluable jobs and 
money to isolated reservations, causing tribes to rely on fossil fuels for mere economic survival. 
In these cases, tribal sovereignty is often lost. Some tribes only receive the financial benefit from 
fossil fuel development, while homes on their rural reservations are left entirely without power, 
sometimes without even running water (Landry 2015, Millman 2017).  
This analysis shows that finding a sensible alternative to fossil fuels requires extensive 
planning and consideration. Many tribes have begun to make moves toward renewable 
technologies like wind and solar to cast off dependence on fossil fuels and increase their energy 
independence. However, this analysis aims to show that biomass is often an overlooked yet 
financially and environmentally sound option for rural Native American communities. This 
requires a proper local resource and technology assessment for any tribe wishing to undertake a 
biomass project. 
One of the primary benefits of biomass energy is its ability to accept a variety of inputs as 
feedstocks, so tribes considering biomass are able to utilize the assets of their local economy 
rather than depending on imports. Biomass conversion technologies can be used at a variety of 
scales to meet the reduced demand of a smaller tribal community. Although their resource 
potential is not large, the Cocopah would still be able to use meet their energy needs by using 
cheaply available, local agricultural residues for a stoker boiler of about 1 MW. This biomass 
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plant would provide electricity at a rate, including debt servicing, that is about one-eighth of 
what the tribe currently pays from the local utility. The plant would create jobs for tribal 
members, and the Cocopah would have control over their residential energy supply.   
There are several well-developed conversion technologies on the market, and a variety of 
state and federal grant and loan programs available to subsidize the potentially high investment 
cost. In applying for these grant and loan programs, small and politically isolated tribes like the 
Cocopah have less administrative capacity and expertise than larger, politically sophisticated 
tribes like the Navajo.  Therefore, it would be prudent for some of Arizona’s smaller and 
geographically close tribes to join together in an intertribal consortium to share technical, 
administrative, and financial resources. Although tribes have cultural differences, cooperation 
could bring monetary and environmental benefits for all parties involved. Intertribal cooperation 
could increase the capacity to apply for grants and loans or complete technical feasibility studies 
without the need to turn to a non-tribal entity, thus increasing overall tribal sovereignty.  
Several tribes in the Midwest have joined in this way to work together on a variety of 
issues, including tribal utility policy, bison conservation, tribal agriculture, anti-oil activism, and 
planning for joint energy development projects. The Intertribal COUP in the Prairies Region has 
a long-term plan to install 80 MW of wind power across six reservations using only tribal money 
(Meisen and Erberich 2009).  
Even if a tribe does not wish to join an intertribal consortium, biomass can still be an 
effective and feasible option to provide a stable energy source. Wind and solar are beneficial 
renewable technologies, but their intermittency makes it difficult for tribes to rely only on these 
energy sources. Tribes wishing to convert to 100 percent renewable energy from wind and solar 
would have to invest in potentially expensive, high-capacity storage devices to account for base 
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load demand. In order for tribes to gain the highest level of energy independence and 
sovereignty, officials should invest in a continuously generating, reliable renewable technology 
like biomass energy. Although biomass does emit greenhouse gases from the combustion of 
organic matter, the emissions are negligible compared to emissions from coal, a fuel that powers 
nearly 30 percent of Arizona’s power plants.  
More thorough interview-based research into tribal attitudes toward biomass energy and 
small-scale renewable development should be conducted to better understand internal 
limitations. In addition, the feasibility study presented in Chapter 4 was limited to residential 
energy usage, but many tribes operate commercial facilities, such as casinos, hotels, resorts, golf 
courses, and museums, that could be candidates for dedicated biomass energy projects as well. 
Lastly, this analysis was confined to the 21 federally-recognized tribes located in Arizona; yet, 
there are 526 American Indian and Alaska Native tribes in the United States. Many of these 
tribes are located in the Midwest and Northwest, where biomass resources from forest and 
agricultural residues are plentiful. The fact that it is possible to have a viable biomass energy 
source in Arizona, where biomass resources are somewhat limited, bodes well for the use of 
biomass energy on many of the other 526 tribes in the United States.  
The incentives for Arizona tribes to invest in renewable energy are constantly increasing, 
and this analysis shows that biomass should be seen as a promising alternative to wind and solar.  
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